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ABSTRACT
A t o t a l  o f  4,301 cow exposure  records  from a fo u r  g e n e r a t io n  
r o t a t i o n a l  c ro s sb re e d in g  s tudy  were used to  c a l c u l a t e  l e a s t  squares  
means and h e t e r o s i s  e s t i m a t e s  and p a r t i t i o n  breed and h e t e r o t i c  g e n e t i c  
e f f e c t s  f o r  c a lv in g  r a t e  (CR), c a l f  s u rv iv a l  (CS), weaning r a t e  (WR), 
c a l f  b i r t h  da te  (CBD) and p e rc e n t  a s s i s t e d  b i r t h s  (PA). Angus (A),  
Brahman (B),  C h aro la i s  (C) and Hereford (H) breeds  were involved in 
two-,  t h r e e -  and f o u r - b r e e d  r o t a t i o n  systems with  the  r e s t r i c t i o n  t h a t  
each breed combina tion in c lu d e  B. S t r a i g h t b r e d s  were main ta ined  as 
c o n t r o l s .  G ene ra t ion ,  y e a r  w i th in  g e n e r a t i o n ,  breed group o f  dam 
w i th in  g e n e r a t io n  and the  l i n e a r  and q u a d r a t i c  e f f e c t s  o f  cow age were 
s i g n i f i c a n t  sources  o f  v a r i a t i o n  f o r  a l l  r e p r o d u c t iv e  t r a i t s .  Sex of  
c a l f  in f lu en c ed  (P<.01) CBD, PA and CS. Overa l l  means f o r  CR, CS, WR, 
CBD and PA were 80.2%, 92.7%, 73.5%, 50.2  days and 3.9%, r e s p e c t i v e l y .  
Male c a lv e s  had lower s u r v iv a l  to  weaning, were born l a t e r  in the  
ca lv in g  season and r e q u i r e d  more a s s i s t a n c e  a t  b i r t h .  Crossbred 
combinations  were s u p e r i o r  to  s t r a i g h t b r e d s  f o r  CR, CS, WR and PA. 
H e te r o s i s  e s t i m a te s  f o r  CR, CS and WR were s i g n i f i c a n t  f o r  most breed 
com bina t ions ,  bu t  g e n e r a l l y  n o n s i g n i f i c a n t  f o r  CBD and PA. Means and 
h e t e r o s i s  e s t i m a te s  f o r  CR and WR were h ig h e r  in B - s i r e d  c ro s sb re d  
cows. A r e g r e s s i o n  model was used to  p a r t i t i o n  breed d i r e c t  ( Ig )  and 
mate rnal (Mg) a d d i t i v e  and h e t e r o t i c  ( Ih  and Mh) g e n e t i c  e f f e c t s .  The 
cow was
v i i i
the  d i r e c t  o b s e r v a t io n  f o r  CR and WR whereas the  c a l f  was the  d i r e c t  
o b s e r v a t io n  f o r  CBD, PA and CS. Breed d i r e c t  and mate rnal a d d i t i v e  
g e n e t i c  e f f e c t s  were exp ressed  as a d e v i a t i o n  from y and summed to  
z e r o .  Breed d i r e c t  and mate rnal a d d i t i v e  e f f e c t s  f o r  the  B 
s i g n i f i c a n t l y  decreased  CR and WR and in c re a se d  CBD. Breed a d d i t i v e  
e f f e c t s  f o r  CS were n o n s i g n i f i c a n t .  H e t e r o t i c  g e n e t i c  e f f e c t s  were 
s i g n i f i c a n t  f o r  a l l  t r a i t s  excep t  PA. The IhAB, IhBC and IhBH e f f e c t s  
improved CR and WR. Inc reased  CS and e a r l i e r  CBD's were a s s o c i a t e d  
w i th  MhAB, MhBC and MhBH e f f e c t s .  These r e s u l t s  confi rm th e  importance 
o f  B c ro ssb red  cows f o r  in c re a s e d  r e p r o d u c t iv e  performance in the  Gulf 
Coast  r e g io n .
(Key Words: C ro ssb reed in g ,  R eproduct ion ,  Genetic  E f f e c t s ,  Beef
C a t t l e ) .
In t r o d u c t i o n
Crossbreeding  i s  wide ly  used in bee f  c a t t l e  to  i n c r e a s e  p roduc t ion  
e f f i c i e n c y .  Sys temat ic  c ro s sb re e d in g  allows f o r  the  p roduc t ion  of  
h e t e r o s i s  and the  i n c o r p o r a t io n  o f  d e s i r a b l e  t r a i t s  i n to  a popu la t ion  
(Willham, 1970). R o ta t io n a l  c ro s sb re e d in g  i s  thought to  be an 
e f f i c i e n t  method o f  s y s te m a t ic  c r o s s b r e e d in g ,  lend ing  i t s e l f  to  the  
r e t e n t i o n  o f  a rea sonab le  degree o f  h e t e r o s i s  and p rov id ing  f o r  the  
p roduc t ion  o f  replacement fem ales .  In t h i s  scheme, a producer can take  
advantage  of  in d iv id u a l  h e t e r o s i s  expressed  in the  c a l f  and maternal 
h e t e r o s i s  expressed  in  t h e  c ro s sb red  dam.
H e te r o s i s  has been de f ined  as the  d i f f e r e n c e  between the  mean of  
the  c ro s s  and the  average  mean o f  th e  p a re n ta l  breeds  (Willham, 1970; 
She r idan ,  1981).  Fa lconer  (1982) proposed t h a t  h e t e r o s i s  depends on 
the  squared d i f f e r e n c e  in  gene f requency  between the  breeds  to  be 
c ros sed  and the  degree o f  dominance.  T h e re fo re ,  f o r  maximum h e t e r o s i s  
to  occur  in the  o f f s p r i n g ,  the  b reeds  to  be c ros sed  should  be as 
g e n e t i c a l l y  d iv e r s e  as p o s s i b l e  and should  e x h i b i t  dominance a t  the  
f a v o ra b le  genes .  However g e n e t i c  d ive rgence  t h a t  i s  too g r e a t  can lead  
to  d e t e r i o r a t i o n  o f  a d d i t i v e  e p i s t a t i c  combinations  o f  the  breeds  
involved ( F a lc o n e r ,  1982).  The c o n t r i b u t i o n  o f  h e t e r o s i s  to  the  
economica l ly  impor tan t  t r a i t s  in beef  c a t t l e  has been well  documented 
(Turner e t  a l . ,  1968; C u n d i f f ,  1970; Koger e t  a l . ,  1973; Cund if f  e t  
a l . ,  1974; Spe lb r ing  e t  a l . ,  1977; C ro ck e t t  e t  a l . ,  1978; Franke,  1980; 
Long, 1980; Reynolds e t  a l . ,  1980; Peacock e t  a l . ,  1981; Olson e t  a l . ,  
1985).
1
2Reproduct ion i s  one o f  the  most impor tan t  a sp e c t s  o f  beef  c a t t l e  
p ro d u c t io n .  Because o f  the  s l im  margin o f  p r o f i t  in t o d a y ' s  c a t t l e  
i n d u s t r y ,  a producer  must have as many c a lv e s  as p o s s i b l e  to  s e l l  a t  
weaning. Most r e p r o d u c t iv e  t r a i t s  a re  lowly h e r i t a b l e  and should 
e x h i b i t  a h e t e r o t i c  advantage  in c ro s se s  between d i f f e r e n t  b re e d s .  
D i r e c t  and mate rnal a d d i t i v e  and h e t e r o t i c  e f f e c t s  have been found, in 
some i n s t a n c e s ,  to  p lay  a s i g n i f i c a n t  r o l e  in r e p ro d u c t io n ,  
p a r t i c u l a r l y  mate rnal h e t e r o s i s  e f f e c t s  (Koger e t  a l . ,  1973; C und if f  e t  
a l . ,  1974; Gregory e t  a l . ,  1978b; Peacock and Koger, 1980; N e v i l l e  e t  
a l . ,  1984; Koch e t  a l . ,  1985; Olson e t  a l . ,  1985).  E s t im a t ion  and 
e v a lu a t io n  o f  t h e se  d i r e c t  and mate rnal a d d i t i v e  and n o n -a d d i t iv e  
g e n e t i c  e f f e c t s  can be very  v a lu ab le  in the  s e l e c t i o n  o f  breeds  and in 
th e  system to  use in develop ing  a c ro s sb re e d in g  program. These 
e s t i m a te s  can a l s o  be u se fu l  in p r e d i c t i n g  the  performance o f  c e r t a i n  
breed c ro s se s  b e fo re  they  a r e  a c t u a l l y  made. This type  o f  in fo rm at ion  
would enab le  producers  to  s e l e c t  breeds  and breed combina tions  t h a t  
would maximize r e p r o d u c t iv e  performance.
The o b j e c t i v e s  o f  t h i s  s tudy  were to :
1) Evalua te  the  r e p r o d u c t iv e  performance o f  two- ,  t h r e e -  and 
fo u r -b re e d  r o t a t i o n a l  c ro s sb re d  beef  c a t t l e ,  and
2) e s t i m a te  th e  d i r e c t  and mate rnal a d d i t i v e  and h e t e r o t i c  g e n e t i c  
e f f e c t s  f o r  r e p r o d u c t iv e  t r a i t s  o f  fou r  breeds  o f  c a t t l e .
CHAPTER I 
L i t e r a t u r e  Review
I n t r o d u c t io n
The r a t e  o f  r e p ro d u c t io n  in beef  c a t t l e  i s  very  impor tan t  in terms 
o f  economic e f f i c i e n c y  o f  p ro d u c t io n .  The p r a c t i c e  o f  c ro s sb reed in g  
has led  to  improvement o f  p roduc t ion  e f f i c i e n c y .  Review a r t i c l e s  by 
Mason (1966) ,  Cund if f  (1970) and Long (1980) have documented the  
advantages  o f  c ro s sb re e d in g  in bee f  c a t t l e .
R o ta t io n a l  c ro s sb re e d in g  has been used as an e f f e c t i v e  method o f  
m a in ta in in g  h e t e r o s i s  and o f  producing rep lacement  females .  The 
t h e o r e t i c a l  b a s i s  f o r  the  use o f  c ro s sb re e d in g  to  improve l i v e s t o c k  
p roduc t ion  has been d i s cu s sed  by Dickerson (1969, 1973) and Hil l  
(1971) .  The design  o f  e f f e c t i v e  c ro s sb re e d in g  programs i s  dependent 
upon in fo rm at ion  reg a rd in g  the  breed e f f e c t s  and h e t e r o s i s  l e v e l s  in 
v a r io u s  breed combina t ions .  Knowledge o f  th e  p ro p o r t io n  o f  g e n e t i c  
v a r i a n ce  due to  a d d i t i v e  and n o n - a d d i t i v e  gene a c t i o n ,  and knowledge of  
the  mate rnal in f l u e n c e  upon th e  o f f s p r i n g  a r e  e s s e n t i a l  f o r  the  
p lann ing  o f  a sound breed ing  program.
I n t e r p r e t a t i o n  o f  th e  v a r io u s  g e n e t i c  e f f e c t s  have been given in 
the  l i t e r a t u r e  (D ickerson ,  1969; Eisen e t  a l . ,  1983).  Es t im a t ion  of  
g e n e t i c  e f f e c t s  has been o b ta in e d  by c o n t r a s t i n g  breed group means to  
p a r t i t i o n  d i r e c t  and maternal  a d d i t i v e  and h e t e r o t i c  g e n e t i c  e f f e c t s  
(Alenda e t  a l . ,  1980).  A m u l t i p l e  r e g r e s s i o n  approach was a l s o  used to 
o b t a in  th e se  e s t i m a t e s  (Koger e t  a l . ,  1975; D i l l a r d  e t  a l . ,  1980; 
Robinson e t  a l . ,  1981).
The purpose o f  t h i s  review i s  to  d i s c u s s  exper imenta l  r e s u l t s  
r e l a t i n g  to  r e p ro d u c t iv e  t r a i t s  in c ro s sb re d  b ee f  c a t t l e .
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4Least  squares  means, h e t e r o s i s  e s t i m a te s  and d i r e c t  and maternal  
a d d i t i v e  and h e t e r o t i c  g e n e t i c  e f f e c t s  w i l l  be reviewed f o r  
r e p r o d u c t iv e  t r a i t s  o f  i n t e r e s t .
Calving Rate
Calving r a t e  i s  d e sc r ib e d  as a p e rc en ta g e ,  o r  the  r a t i o  o f  number 
o f  cows c a lv in g  to  the  number o f  cows exposed to  b re e d in g .  E f f e c t s  
such as breed o f  s i r e ,  breed o f  dam, age o f  dam and the  i n t e r a c t i o n  
e f f e c t  o f  breed  o f  s i r e  x breed of  dam have been found to  s i g n i f i c a n t l y  
i n f l u e n c e  ca lv in g  r a t e  ( S c h i l l i n g  and England, 1968; Peacock and Koger, 
1980; N e v i l l e  e t  a l . ,  1984).  However, Comerford e t  a l .  (1987) found 
the  main e f f e c t  o f  dam breed had no s i g n i f i c a n t  i n f lu e n c e  on ca lv ing  
r a t e  when comparing Brahman, Po l l ed  Hereford and Simmental dams.
Means
In c ro s s e s  invo lv ing  B r i t i s h  breeds  o f  c a t t l e ,  Gaines e t  a l .
(1978) found t h a t  c a lv in g  pe rcen tage  ranged from 91.2% f o r  Hereford x 
Shor thorn  c r o s s e s  to  98.0% f o r  Angus x Shor thorn  c ro s s  cows. Calving 
r a t e  was h ig h e r  f o r  th e  Shor thorn  x Hereford r e c i p r o c a l  c ross  a t  97.2%, 
bu t  lower f o r  the  Shor thorn  x Angus r e c i p r o c a l  a t  92.3%. Calving r a t e  
f o r  th e  s t r a i g h t b r e d s  was 8 9 .9 ,  92 .1  and 96.3% f o r  the  Shor thorn ,  
Hereford  and Angus b re e d s ,  r e s p e c t i v e l y .  Frahm and Marshall  (1985) 
r e p o r t e d  a c a lv in g  r a t e  o f  83.0% f o r  Hereford x Angus c ro s se s  ve rsus  
81.0% f o r  Angus x Hereford .  Calving r a t e  v a r i e d  from a low o f  73.6% 
f o r  Brown Swiss x Hereford c r o s s e s  to  a high o f  89.7% f o r  J e r s e y  x 
Angus c r o s s e s .  The mean c a lv in g  r a t e  f o r  a l l  A ngus-s i red  c ro s se s  was 
83.2% compared to  78.1% f o r  th e  H e r e f o r d - s i r e d  c r o s s e s .  Long (1980) ,  
in  a review o f  c ro s sb re e d in g  s t u d i e s ,  Gaines e t  a l .  (1978) and Chapman
and England (1965) have a l l  r e p o r t e d  a s i g n i f i c a n t  advantage f o r  the  
Angus over th e  Hereford breed in c a lv in g  r a t e .  However, Sagebie l  e t  
a l . (1967) r e p o r t e d  a s i g n i f i c a n t  advantage  (P<.05) f o r  th e  Hereford 
over  th e  Angus breed (91 .7  vs 78.0%).
In c ro s se s  invo lv ing  Brahman, C h aro la i s  and Angus breeds  o f  
c a t t l e ,  Peacock and Koger (1980) r e p o r t e d  a c a lv in g  r a t e  o f  70% fo r  
Angus x C h a ro la i s  ve rsus  95% f o r  t h e  backcross  o f  C h aro la i s  s i r e s  on 
Brahman x C h aro la i s  dams. Mean c a lv in g  r a t e s  by s i r e  breed were 90,  83 
and 80% f o r  Brahman, C h a ro la i s  and Angus s i r e s ,  r e s p e c t i v e l y .  Calving 
r a t e  f o r  Angus x Brahman and Brahman x C h aro la i s  were s i m i l a r  a t  92 and 
90%, r e s p e c t i v e l y ,  whi le  c a lv in g  r a t e  f o r  Angus x C h aro la i s  was only  
82%. S c h i l l i n g  and England (1968) found th e  ca lv in g  r a t e s  f o r  
C h aro la i s  c ro s se s  and Brahman x B r i t i s h  to  be s i g n i f i c a n t l y  h ighe r  
( P<.05) than those  o f  B r i t i s h  x B r i t i s h  c ro s se s  (86 .5  and 84.5  vs 
72.7%, r e s p e c t i v e l y ) .  G o t t i  e t  a l .  (1985) r e p o r te d  ca lv in g  r a t e s  o f  
76.1% f o r  Santa  G e r t ru d i s  x Angus w hi le  the  r e c i p r o c a l  Angus x Santa 
G e r t r u d i s  was much lower (P<.01) a t  62.3%.
In a comparison o f  th e  v a r io u s  b reeds  in t h e se  s t u d i e s ,  c a lv in g  
r a t e s  f o r  Angus and Hereford  g e n e r a l l y  exceeded th o se  f o r  Brahman 
s t r a i g h t b r e d s  (C a r tw r ig h t  e t  a l . ,  1964; C rocke t t  e t  a l . ,  1978; Franke,  
1980; Long, 1980; Comerford e t  a l . ,  1987).  However, Turner e t  a l .  
(1968) r e p o r te d  Brahman s t r a i g h t b r e d s  as having th e  h ig h e s t  p e rc en t  
c a lv e s  born a t  67.9% ve rsus  65.1 and 65.6% f o r  Angus and H erefo rds ,  
r e s p e c t i v e l y .  Peacock and Koger (1980) found h ig h e r  c a lv in g  r a t e s  f o r  
Brahmans as compared to  both  Angus and C haro la i s  (90% vs 75 and 80%, 
r e s p e c t i v e l y ) .
6There was a tendency re p o r te d  f o r  c a lv in g  r a t e  to  be d i f f e r e n t  
when B r i t i s h  b u l l s  ve rsus  Brahman b u l l s  were mated to  cows o f  B r i t i s h  
o r  Zebu-type  b re e d in g .  Reynolds e t  a l . (1965) n o t i c e d  t h a t  th e  ca lv ing  
r a t e  o f  cows showing hea t  was 12, 15, 19 and 9% h ighe r  when Angus,
Brahman, Afr icander -Angus and Brangus cows, r e s p e c t i v e l y ,  were mated to 
Angus b u l l s  than when mated to  Brahman b u l l s .  Chapman and England 
(1965) r e p o r te d  s i m i l a r  r e s u l t s  in t h a t  B r i t i s h  bu l l  x B r i t i s h  or 
Brahman female matings  had h ighe r  c a lv in g  r a t e s  than Brahman bu l l  x 
B r i t i s h  or  Brahman female mat ings .  This may have been p a r t l y  due to  
the  o b s e r v a t io n  t h a t  Brahman b u l l s  a re  l e s s  s e x u a l ly  a c t i v e  e a r l y  in 
the  b reed ing  sea son ,  due to  the  c o ld e r  t e m p e ra tu re s ,  than a re  B r i t i s h  
b u l l s  (Chapman and England, 1965).
F i n a l l y ,  Franke (1980) ,  in a review o f  Zebu c a t t l e ,  s t a t e d  t h a t  
Brahman cows g e n e r a l l y  had lower ca lv in g  r a t e s  than Angus or  Hereford 
cows, but Brahman and Brangus cows t h a t  were dry  dur ing  the  breeding 
season had h ig h e r  c a lv in g  r a t e s  than l a c t a t i n g  Brahman and Brangus 
cows.
H e te r o s i s  E f f e c t s  on Calving Rate
Severa l  s t u d i e s  have shown the  c a lv in g  r a t e  o f  c ro s sb re d  cows to  
range from 2 .1  t o  27.0% h ig h e r  than t h a t  o f  s t r a i g h t b r e d  cows (Sagebie l  
e t  a l . ,  1967; S c h i l l i n g  and England, 1968; Turner  e t  a l . ,  1968;
C u n d i f f ,  1970; Gaines e t  a l . ,  1978; Long, 1980; T r a i l  e t  a l . ,  1985). 
However, Got t i  e t  a l . (1985) found the  ca lv in g  r a t e  o f  c ro s sb re d  cows 
to  be 8.2% below th e  average  f o r  the  s t r a i g h t b r e d s  (Angus, Gelbvieh and 
Santa  G e r t r u d i s ) .
H e te r o s i s  f o r  c a lv in g  r a t e  tended  to  be v a r i a b l e  and, in  some 
i n s t a n c e s ,  n o n s i g n i f i c a n t .  Peacock and Koger (1980) found t h a t
7e s t i m a te s  o f  h e t e r o s i s  f o r  ca lv in g  r a t e  invo lv ing  Angus, C h aro la i s  and 
Brahman c ro s s e s  were n o n s i g n i f i c a n t .  S c h i l l i n g  and England (1968) 
r e p o r t e d  n o n s i g n i f i c a n t  h e t e r o s i s  f o r  Angus x Brangus c r o s s e s ,  while 
Turner and Fa r th in g  (1967) observed t h a t  c ros sb red  cows o f  
Angus-Brangus, Angus-Hereford and Brangus-Hereford composi t ion averaged 
s l i g h t l y  h ighe r  than the  p a re n ta l  average  f o r  ca lv in g  p e r c e n t .
Cund if f  (1970) ,  in  a review o f  c ro s sb re e d in g  s t u d i e s ,  s t a t e d  t h a t  
h e t e r o s i s  f o r  c a lv in g  p e rc en t  in Angus-Brangus, Brahman-Brangus and 
Angus-Brahman cows was 3 . 7 ,  11.6 and 12.1%, r e s p e c t i v e l y .  Gregory e t  
a l .  (1985a) found an average  h e t e r o s i s  o f  7.0% f o r  Boran x Ankole and 
Boran x Zebu c r o s s e s .  Turner  and F a r th ing  (1967) and Turner  e t  a l . 
(1968) noted t h a t  r e c i p r o c a l  c ro s sb re d  cows o f  Angus-Brahman and 
Brangus-Brahman makeup exceeded t h e i r  p a re n ta l  averages  by 
approx im ate ly  19.0%. S c h i l l i n g  and England (1968) r e p o r t e d  s i m i l a r  
r e s u l t s  w ith  the  Brahman-Hereford,  Brangus-Hereford  and Brahman-Angus 
having h e t e r o s i s  e s t i m a te s  o f  2 7 .4 ,  18.1 and 17.1%, r e s p e c t i v e l y .
Franke (1980) ,  in a review o f  American Zebu c a t t l e ,  r e p o r t e d  h e t e r o s i s  
e s t i m a t e s  f o r  Brahman-Hereford r e c i p r o c a l  c ro s s  cows ranging  from 4 .4  
to  18.8%. N e v i l l e  e t  a l . (1984) ,  in c ro s s e s  o f  Angus, Po l led  Hereford 
and Santa  G e r t r u d i s ,  found the  average  h e t e r o s i s  f o r  c a lv in g  r a t e  to  be 
3.6%.
Long (1980) ,  in a review o f  c ro s sb re e d in g  s t u d i e s ,  found h e t e r o s i s  
f o r  c a lv in g  r a t e  to  be v a r i a b l e .  H e te r o s i s  e s t i m a te s  were re p o r te d  
rang ing  from -12 t o  20%.
8Survival  Rate
Surv iva l  r a t e  i s  g e n e r a l l y  d e f in ed  as the  p e rcen tage  o f  c a lv e s  
born t h a t  su rv iv e  to  weaning. However, i t  can be d iv id ed  i n to  seve ra l  
c a t e g o r i e s  such as p r e - n a t a l  m o r t a l i t y ,  s u rv iv a l  from b i r t h  to  24,  48 
and 72 hours and s u rv iv a l  from 24, 48 and 72 hours  to  weaning.
Surv iva l  r a t e  has been d e sc r ib e d  in the  l i t e r a t u r e  as a f u n c t io n  o f  the  
cow ( N e v i l l e  e t  a l . ,  1984) and as a fu n c t io n  o f  the  c a l f  (Olson e t  a l . ,  
1985).
C al f  s u rv iv a l  from b i r t h  to  weaning i s  an im por tan t  t r a i t  
a f f e c t i n g  n e t  r e p r o d u c t iv e  e f f i c i e n c y .  C a l f  m o r t a l i t y  leads  to  
e x te n s iv e  lo s s e s  in the  b e e f  c a t t l e  i n d u s t r y .  T h e re fo re ,  a high 
s u r v iv a l  r a t e  i s  e s s e n t i a l  f o r  making a p r o f i t .
Means
Severa l  s t u d i e s  have shown s u rv iv a l  r a t e  to  be s i g n i f i c a n t l y  
in f lu en c ed  by the  e f f e c t s  o f  y e a r ,  breed o f  s i r e ,  breed o f  dam, c a l f  
s ex ,  dam age and by th e  i n t e r a c t i o n  y e a r  x sex o f  c a l f  (Dearborn e t  
a l . ,  1973; Smith e t  a l . ,  1976; Peacock e t  a l . ,  1977; Gregory e t  a l . ,  
1978a; B a i ly  and Moore, 1980; Reynolds e t  a l . ,  1980; G o t t i  e t  a l . ,
1985; Comerford e t  a l . ,  1987).  However, o t h e r  s t u d i e s  have shown 
s u rv iv a l  r a t e  to  be in f lu e n c e d  by only  a few e f f e c t s  (Peacock and 
Koger, 1980; Frahm and M a r sh a l l ,  1985; McElhenney e t  a l . ,  1986) and 
Olson e t  a l . (1985) found no s i g n i f i c a n t  i n f l u e n c e  f o r  the  e f f e c t s  o f  
y e a r ,  s i r e  breed and dam breed  f o r  s u r v iv a l  r a t e .
Sex o f  th e  c a l f  played  a s i g n i f i c a n t  r o l e  in s ev e ra l  s t u d i e s  
reviewed.  Comerford e t  a l . (1987) found t h a t  female c a lv e s  had a 13% 
g r e a t e r  24 hour s u rv iv a l  than  did male c a l v e s .  Gregory e t  a l . (1978a)
9had e a r l i e r  r e p o r te d  s i m i l a r  r e s u l t s  w i th  m o r t a l i t y  in the  f i r s t  24 
hours be ing 3.2% g r e a t e r  in  male than in female c a l v e s .  However, when 
s u rv iv a l  from b i r t h  to  weaning was c o n s id e re d ,  males were found to  have 
a 4.4% h ig h e r  (Pc.O l)  s u r v iv a l  r a t e  than females  (Reynolds e t  a l . ,
1980).
Got t i  e t  a l . (1985) ,  in looking  a t  c ro s se s  between Angus and Santa 
G e r t r u d i s ,  found s u rv iv a l  o f  the  Santa G e r t ru d i s  x Angus c ro s s  c a lves  
to  be 92.0% while  the  r e c i p r o c a l  c ro s s  c a lv e s  averaged 89.2%. The 
s t r a i g h t b r e d  Angus and Santa  G e r t ru d i s  c a lv e s  averaged 94.9 and 90.6%, 
r e s p e c t i v e l y .  The s l i g h t  advantage o f  s t r a i g h t b r e d  c a lv e s  over 
c ro s sb re d  c a lv e s  in s u rv iv a l  was mainly  due to  lower s u rv iv a l  o f  the  
Angus x Santa  G e r t ru d i s  c r o s s - t y p e .  In r e c i p r o c a l  c r o s s e s  invo lv ing  
the  Angus and Brown Swiss b r e e d s ,  a mean s u rv iv a l  r a t e  o f  95% was 
no ted .  A ngus-s i red  c a lv e s  had a 94.2% s u rv iv a l  r a t e  whereas Brown 
S w is s - s i r e d  ca lv e s  had a 95.0% s u r v i v a l ,  r e p r e s e n t i n g  no s i g n i f i c a n t  
d i f f e r e n c e  between s i r e  b re e d s .  Surv iva l  r a t e  f o r  c a lv e s  from Angus 
and Brown Swiss dams were a l s o  not s i g n i f i c a n t l y  d i f f e r e n t  a t  93 .8  and 
95.2%, r e s p e c t i v e l y  (Olson e t  a l . ,  1985).  Peacock e t  a l .  (1977) 
r e p o r t e d  c a l f  s u r v iv a l  r a t e s  o f  8 8 .7 ,  97.2 and 96.9% from Angus,
Brahman and C h a ro la i s  cows, r e s p e c t i v e l y .  Mean s u rv iv a l  r a t e s  f o r  
Brahman x Angus and C h a ro la i s  x Angus c a lv e s  were ten  p e rcen tage  p o in t s  
lower than f o r  t h e i r  r e s p e c t i v e  r e c i p r o c a l  c ro s s e s  (87 .0  and 86.5  vs 
97 .6  and 96.2%, r e s p e c t i v e l y ) .  These d i f f e r e n c e s  f o r  r e c ip r o c a l  
c ro s s e s  were a l s o  noted by Peacock and Koger (1980) where c a lv e s  s i r e d  
by Brahman and C h aro la i s  b u l l s  had lower s u rv iv a l  r a t e s  than those  
s i r e d  by Angus b u l l s .  This  was p a r t l y  due to  more ca lv in g  problems 
exper ienced  with  th e  l a r g e r  s i r e  b re e d s .  In c o n t r a s t ,  Reynolds e t  a l .
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(1980) and Reynolds e t  a l .  (1986) found no s i g n i f i c a n t  d i f f e r e n c e s  
between Angus-Brahman r e c i p r o c a l  c ro s s e s  and r e p o r t e d  t h a t  f o r  
H e re fo rd -C ha ro la i s  and Angus-Charo lais  r e c i p r o c a l  c r o s s e s ,  the
C h a r o l a i s - s i r e d  c a lv e s  had h ig h e r  s u rv iv a l  r a t e s .
Frahm and Marshall  (1985) r e p o r te d  t h a t ,  in  two-breed c ro s se s  
invo lv ing  Angus and Hereford cows mated to  Angus, H erefo rd ,  Simmental,
Brown Swiss and J e r s e y  b u l l s ,  91.2% o f  a l l  c a lv e s  born su rv ived  to
weaning. There was no s i g n i f i c a n t  d i f f e r e n c e  among th e  c ro s sb re d  cow 
groups .  Reynolds e t  a l . (1986) found an average  s u r v iv a l  r a t e  o f  95.4% 
f o r  c ro s s e s  invo lv ing  Angus, Hereford ,  C h aro la i s  and Brown Swiss cows 
mated to  Angus, Hereford and C h aro la i s  s i r e s .  Again,  t h e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  among the  dam breed groups .
The r e l a t i o n s h i p  o f  s i r e  breed to  c a l f  s u rv iv a l  seemed e v id e n t  in 
s ev e ra l  s t u d i e s ,  w ith  c a lv e s  s i r e d  by the  l a r g e r  breeds  tend ing  to  have 
a lower s u rv iv a l  r a t e  than c a lv e s  s i r e d  by the  s m a l l e r  breeds  o f  beef  
c a t t l e .  This  r e l a t i o n s h i p  was p a r t l y  due to  d y s to c i a  in  th e  ca lves  
s i r e d  by th e  l a r g e r  b re e d s .  McElhenney e t  a l .  (1986) r e p o r t e d  t h a t  
c a lv e s  s i r e d  by C h aro la i s  b u l l s  had lower s u rv iv a l  r a t e s  to  weaning 
than Red P o l l - s i r e d  c a l v e s .  C a l f  m o r t a l i t y  in J e r s e y  x Angus ca lves  
was 5.5% compared to  14.5% f o r  c a lv e s  from C haro la i s  x Angus c ro s se s  
( L a s t e r  and Gregory,  1973).  Smith e t  a l .  (1976) noted a h ighe r  
m o r t a l i t y  r a t e  f o r  c a lv e s  s i r e d  by C h a r o l a i s ,  Simmental and South Devon 
b u l l s  compared to  c a lv e s  s i r e d  by J e r s e y  and Angus b u l l s  ( 9 . 6 ,  6 . 8 ,  6 .1  
vs 2 .6  and 1.3%, r e s p e c t i v e l y ) ,  whi le  Gregory e t  a l . (1978a) r e p o r t e d  
h ighe r  m o r t a l i t y  r a t e s  f o r  Gelbvieh ,  Maine-Anjou and C h ia n in a - s i r e d  
c a lv e s .
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C ro ck e t t  e t  a l . (1978) found t h a t  g e n e r a t io n  played a s i g n i f i c a n t  
r o l e  in c a l f  s u r v i v a l .  S urv iva l  r a t e  in c re a se d  over  t h r e e  g e n e r a t io n s  
from 85.9  to  97.7%. The s t r a i g h t b r e d s  (Angus, Brahman and Hereford) 
i n c re a se d  from 82.8% in g e n e r a t io n  1 to  97.9% in g e n e ra t io n  3, while  
the  c ro s sb re d  s u r v iv a l  r a t e  improved from 89 t o  97.4% by g e n e r a t io n  3.
Bai ly  and Moore (1980) r e p o r t e d  s i g n i f i c a n t  y e a r  e f f e c t s  as Hereford x 
Red Poll  dams had a low 48% c a l f  s u rv iv a l  in the  f i r s t  y e a r  o f  t h e i r  
s tu d y ,  but s i g n i f i c a n t l y  i n c re a s e d  over  the  nex t  t h r e e  y e a r s  to  77.0%.
In s ev e ra l  s t u d i e s ,  t h e  pe r io d s  and causes  o f  c a l f  m o r t a l i t y  were 
p a r t i t i o n e d  in o rd e r  to  de te rm ine  where and how the  l o s se s  were 
o c c u r r in g .  DeRouen e t  a l . (1967) observed m o r t a l i t y  r a t e s  o f  5,  6,  9 
and 19% f o r  s t r a i g h t b r e d  c a lv e s  o f  Angus, A f r i can g u s ,  Brangus and 
Brahman p a re n ta g e ,  r e s p e c t i v e l y .  S t i l l b i r t h s  accounted f o r  42% of  
t o t a l  d e a th s ,  w h i le  drownings accounted f o r  44% o f  a l l  lo se s  in the  
f i r s t  24 hours pos tpar tum .  F o r t y - e i g h t  p e rc en t  o f  a l l  l o s e s  occurred  
in  the  f i r s t  24 h ou rs ,  5% from 24-48 hours ,  4% from 48-72 hours and 1% 
a f t e r  72 hours pos tpar tum .  Koger e t  a l . (1967) p re sen ted  s i m i l a r  
r e s u l t s  with 50.8% o f  a l l  d e a th s  o c cu r r in g  w i th in  the  f i r s t  24 hours 
pos tpar tum ,  12% between 24 and 72 hours and 6.2% being a b o r t e d .  In a 
s tudy  u t i l i z i n g  Angus, Brahman, Brangus and Hereford c a t t l e ,  c ro s sb red  
cows l o s t  7% o f  a l l  c a lv e s  born ; 3.6% s t i l l b i r t h s  and 3.4% lo s s  o f  
c a lv e s  a l i v e  a t  b i r t h .  S t r a i g h t b r e d  cows l o s t  8% o f  a l l  c a lv e s  born;
2.6% s t i l l b i r t h s  and 5.4% l o s s  o f  c a lv e s  a l i v e  a t  b i r t h  (Turner  e t  a l . ,  
1968).
Severa l  s t u d i e s  have shown t h a t  Brahman and Brahman-derived breeds 
tend  to  have lower s u r v iv a l  r a t e s  when compared with o th e r  b reed s .
Reynolds e t  a l . (1965) found m o r t a l i t y  r a t e s  o f  23 and 14% f o r  Brahman
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and Brangus s t r a i g h t b r e d  c a lv e s  compared to  7 and 6% f o r  Angus and 
Afr icander-Angus  s t r a i g h t b r e d  c a l v e s .  In a comparison of  Angus,
Brahman and Hereford s t r a i g h t b r e d  and c ro s sb re d  c a l v e s ,  su rv iv a l  was 
lowest  f o r  the  Brahman c a lv e s  (85.8%) followed by Brahman-sired 
c ro s sb re d  ca lv e s  (90.2%) (Koger e t  a l . ,  1967).  Cund i f f  (1970) ,  in a 
summary o f  c ro s sb re e d in g  s t u d i e s ,  noted t h a t  ca lves  from s t r a i g h t b r e d  
Brahmans had lower s u r v iv a l  from b i r t h  to  weaning than Brahman-Hereford 
c a l v e s .  Reynolds e t  a l . (1980) r e p o r te d  s u rv iv a l  r a t e s  o f  73.2 and 
85.6% f o r  Brahman and Brangus c a l v e s ,  r e s p e c t i v e l y ,  and sugges ted  t h a t  
Brahman-type ca lv e s  need c l o s e r  o b s e r v a t io n  a t  c a l v i n g .  I t  was a l so  
noted t h a t  s u rv iv a l  r a t e  in c re a s e d  when Brahman dams were mated to  
Angus s i r e s  i n s t e a d  o f  Brahman s i r e s  (94 .9  vs 73.2%). A lower su rv iv a l  
r a t e  was r e p o r te d  f o r  Brahman-sired  c ro s sb re d  c a lv e s  when compared with 
C h ian ina ,  Maine-Anjou and S im m enta l - s i red  ca lv e s  (Williamson and Humes, 
1985).  Got t i  e t  a l . (1985) noted t h a t  s t r a i g h t b r e d  Santa  G e r t ru d i s  
c a lv e s  showed s i g n i f i c a n t l y  l e s s  v i a b i l i t y  a t  b i r t h  than o th e r  mating 
t y p e s .
Wythe and C ar tw r igh t  (1970) ,  in a s tudy  o f  the  r e p ro d u c t iv e  
performance o f  a herd o f  Bos in d icu s  c a t t l e ,  found t h a t  o f  ca lves  born 
a l i v e ,  91.6% surv ived  to  weaning. Franke (1980) ,  in a review o f  the  
American Zebu c a t t l e ,  r e p o r t e d  t h a t  c a l f  s u rv iv a l  f o r  Brahman and 
Brahman-cross c a lv e s  ranged from 75.9  to  96.0%. I t  appears  t h a t  in 
c e r t a i n  s i t u a t i o n s  Brahman-type c a t t l e  can perform reasonab ly  well in 
terms o f  c a l f  s u rv iv a l  to  weaning.
H e te r o s i s  e f f e c t s  on Surv iva l  Rate
Surv iva l  r a t e ,  in g e n e r a l ,  tended to  be g r e a t e r  in c ro s sb red  
ca lv e s  than in  s t r a i g h t b r e d  c a l v e s .  Severa l  s t u d i e s  in d i c a t e d  t h a t
13
c a l f  m o r t a l i t y  was 3-4% l e s s  f o r  c ro s sb re d  ca lv e s  than s t r a i g h t b r e d  
c a lv e s  (Wiltbank e t  a l . ,  1967; Turner e t  a l . ,  1968; C und if f ,  1970; 
Dearborn e t  a l . ,  1973; L a s t e r  and Gregory,  1973; Reynolds e t  a l . ,  1980; 
Comerford e t  a l . ,  1987).
In c o n t r a s t ,  o th e r  s t u d i e s  in d i c a t e d  t h a t  h e t e r o s i s  was not 
s i g n i f i c a n t  f o r  c a l f  s u r v i v a l .  In a s tudy  comparing Angus, Santa 
G e r t ru d i s  and Gelbvieh s i r e s  mated to  Angus and Santa  G e r t ru d i s  dams, 
h e t e r o s i s  e s t i m a te s  were n o n s i g n i f i c a n t  f o r  both p e r c e n t  c a lv e s  a l i v e  
24 hours  a f t e r  b i r t h  and f o r  p e rc en t  c a lv e s  a l i v e  a t  weaning (G ot t i  e t  
a l . ,  1985).  Peacock e t  a l . (1977) r e p o r t e d  t h a t  h e t e r o s i s  f o r  c a l f  
s u rv iv a l  was n e g a t iv e  and n o n s i g n i f i c a n t  f o r  a l l  breed  com bina t ions ,  
invo lv ing  r e c i p r o c a l l y  c ros sed  Angus, Brahman and C h a r o l a i s ,  excep t  f o r  
an e s t i m a te  o f  3.8% f o r  th e  Brahman x C h aro la i s  c r o s s .  S im i la r  r e s u l t s  
were r e p o r t e d  in o t h e r  s t u d i e s ,  i n d i c a t i n g  h e t e r o s i s  was e i t h e r  
n e g a t iv e  or  small and n o n s i g n i f i c a n t  f o r  c a l f  s u rv iv a l  r a t e  (Turner  and 
F a r th in g ,  1967; Bai ly  and Moore, 1980; Peacock and Koger, 1980).
C und if f  (1970) ,  in a summary of  c ro s sb re e d in g  ex p er im en ts ,  found 
t h a t  c ro s sb re d  ca lv e s  had a weighted  advantage o f  3.0% over 
s t r a i g h t b r e d  c a lv e s  in s u r v iv a l  r a t e .  Smith e t  a l . (1976) r e p o r t e d  
h e t e r o s i s  f o r  s u rv iv a l  up to  24 hours to  be 3.0% ( P<.11) and f o r  
s u rv iv a l  from b i r t h  to  weaning, 5.1% (P< .05) .  Spe lb r ing  e t  a l .  (1977) ,  
in  a s tudy  o f  c ro s sb re d  c a lv e s  s i r e d  by H erefo rd ,  C h aro la i s  and Red 
Pol l  b u l l s ,  s t a t e d  t h a t  weaning r a t e  h e t e r o s i s  c o n t r a s t s  were l a r g e r  
than b i r t h  r a t e  h e t e r o s i s  c o n t r a s t s ,  i n d i c a t i n g  g r e a t e r  s u rv iv a l  o f  
c a lv e s  with c ro s sb re d  dams. C ro ck e t t  e t  a l . (1978) found t h a t  
h e t e r o s i s  f o r  s u rv iv a l  r a t e  a c t u a l l y  decreased  over  a p e r io d  o f  th r e e  
g e n e r a t io n s  (from 7 .5  to  -0.5% from g e n e r a t io n  1 t o  g e n e r a t io n  3) f o r
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Angus, Brahman and Hereford c ro s sb re d  c a lv e s  due to  an in c r e a s e  in 
s u rv iv a l  f o r  the  r e s p e c t i v e  s t r a i g h t b r e d  c a l v e s .  H e te ro s i s  e s t im a te s  
o f  14.1% were re p o r t e d  by Reynolds e t  a l .  (1980) f o r  c ro s sb red  ca lves  
s i r e d  by Angus and Brahman b u l l s .  This  high h e t e r o s i s  e s t i m a te  was 
p a r t i a l l y  due to  a low s u rv iv a l  r a t e  f o r  Brahman s t r a i g h t b r e d  c a lv e s .
Franke (1980) ,  in a review o f  American Zebu c a t t l e ,  noted t h a t  
Brahman-Hereford ca lves  had a 15.0% h e t e r o t i c  advantage  in su rv iv a l  
r a t e  over  t h e i r  s t r a i g h t b r e d  c o u n t e r p a r t s .  Brahman-Charolais c ro s sb red  
c a lv e s  had h e t e r o s i s  e s t i m a te s  o f  3.8% f o r  c a l f  s u r v i v a l .  Other  
s t u d i e s  have re p o r te d  h e t e r o s i s  e s t i m a te s  f o r  s u rv iv a l  r a t e  to  be as 
high as 7 .2  and 9.7% ( T r a i l  e t  a l . ,  1982; Gregory e t  a l . ,  1985a).
In a summary o f  exper imenta l  r e s u l t s  in c ro s sb re e d in g  o f  bee f  
c a t t l e ,  h e t e r o s i s  e s t i m a t e s  f o r  c a l f  s u rv iv a l  ranged from -1 .0  to  3.0% 
f o r  s u rv iv a l  from b i r t h  to  24 hours pos tpar tum.  Es t im ates  ranging  from 
- 2 .0  to  15.0% were noted f o r  s u rv iv a l  from b i r t h  to  weaning, with  an 
a c ro ss  s tudy mean o f  3.0% (Long, 1980).
Weaning Rate
Weaning r a t e  o r  p e rc e n t  c a l f  c rop weaned i s  a measure o f  the  
number o f  c a lv e s  weaned pe r  cow exposed to  b re e d in g .  Weaning r a t e  i s  a 
composi te  o f  c a lv in g  r a t e  and c a l f  s u rv iv a l  to  weaning and g e n e r a l l y  
r e f l e c t s  d i f f e r e n c e s  in preweaning m o r t a l i t y .  E f f e c t s  such as breed of  
s i r e ,  breed o f  dam, age of  dam and y e a r ,  a long w i th  breed o f  s i r e  x 
breed o f  dam i n t e r a c t i o n s  have been found to  s i g n i f i c a n t l y  a f f e c t  
weaning r a t e  (Peacock e t  a l . ,  1977; S pe lb r ing  e t  a l . ,  1977; C ro ck e t t  e t  
a l . ,  1978; Gregory e t  a l . ,  1978b; Peacock and Koger,  1980; N e v i l l e  e t  
a l . ,  1984; Reynolds e t  a l . ,  1986).
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Means
Cundiff  (1970) ,  in a review o f  c ro s sb re e d in g  ex p e r im en t s ,  noted 
t h a t  C h a ro la i s  cows have a sm a l l e r  weaning r a t e  than  Hereford cows when 
bred s t r a i g h t ,  bu t when c ro s sb re d  the  C h aro la i s  weaning r a t e  exceeded 
t h a t  o f  th e  Hereford .  Reynolds e t  a l . (1986) a l s o  observed t h a t  
s t r a i g h t b r e d  C h aro la i s  dams had s i g n i f i c a n t l y  lower (P<.05) weaning 
r a t e s  than e i t h e r  s t r a i g h t b r e d  Hereford or  Angus dams.
In o t h e r  s t u d i e s  in v o lv in g  B r i t i s h  and Con t inen ta l  b reed s ,  Gregory 
e t  a l . (1978a) found t h a t  Angus, Brown Swiss ,  Hereford and Red 
P o l l - s i r e d  c a lv e s  d id  no t  s i g n i f i c a n t l y  d i f f e r  from each o t h e r  in 
p e r c e n t  c a l f  c rop weaned, bu t  they  were s i g n i f i c a n t l y  h ighe r  (P<.05) 
than Ch ian ina ,  Gelbvieh and Maine A n jo u -s i r ed  c ro s sb re d  c a l v e s .  Nelson 
e t  a l . (1982) r e p o r t e d  weaning r a t e s  f o r  Angus-Hereford ,  
C h a r o la i s - H e r e f o r d ,  Hereford  and Brown Swiss-Hereford  cows mated to  
Angus and C h a ro la i s  b u l l s .  Brown Swiss -Hereford  dams had th e  h ig h e s t  
{P<.01) weaning r a t e  a t  83.4%, whi le  Hereford dams had the  lowest  
weaning r a t e  (66.4%). Angus-Hereford and C h a ro la i s -H e re fo rd  dams were 
i n t e r m e d ia t e  a t  76 .8  and 77.7%, r e s p e c t i v e l y .  The Angus-Hereford,  
C h a ro la i s -H e re fo rd  and Brown Swiss -Hereford  dams showed a 12.8% 
advantage  ( P<.01) over  th e  s t r a i g h t b r e d  Hereford dams, w hi le  the  Brown 
Swiss-Angus had a 9.7% advantage  (P<.01) in weaning r a t e  over a l l  o th e r  
dam breed com bina t ions .  However, Frahm and Marshall  (1985) found Brown 
Swiss-Hereford  cows had t h e  lowest  weaning r a t e s  (68.9%) compared to  
Brown Swiss-Angus,  Hereford-Angus ,  Angus-Hereford and Simmental-Angus 
cows (mean weaning r a t e  o f  74.2%) and to  J e r se y -A n g u s , J e r se y -H e re fo rd  
cows (mean weaning r a t e  o f  81.2%). Olson e t  a l .  (1985) r e p o r t e d  t h a t  
Brown Swiss cows had a 16% lower weaning r a t e  than Angus cows.
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In s t u d i e s  u t i l i z i n g  Brahman and Brahman-type c ro s sb re d  cows,
Peacock e t  a l .  (1977) found weaning r a t e  f o r  Brahman cows to  be 76.5% 
compared to  69 .8  and 75.9% f o r  Angus and C h aro la i s  cows, r e s p e c t i v e l y .  
Weaning r a t e s  f o r  Angus-Brahman and Charolais-Brahman r e c ip r o c a l  
combinations  were 70 .0  and 80.2% compared to  67.7% f o r  Charola is-Angus .  
Peacock and Koger (1980) r e p o r t e d  weaning r a t e s  o f  91% f o r  c a lv e s  from 
Brahman x Angus-Brahman breed combinations  ve rsus  66% f o r  C h aro la i s  x 
Angus and 67% f o r  s t r a i g h t b r e d  Angus. Mean weaning r a t e s  by s i r e  breed 
were 84 ,  76 and 75% f o r  Brahman, C h aro la i s  and Angus s i r e s ,  
r e s p e c t i v e l y ,  w ith  rank ings  being the  same f o r  r e s p e c t i v e  dams.
Rankings f o r  th e  dams showed Angus-Charolais  dams had a 
s i g n i f i c a n t l y  lower (P<.05) weaning r a t e  than Angus-Brahman and 
Charolais-Brahman (76 vs 87 and 85%, r e s p e c t i v e l y ) .
Other  s t u d i e s  showed Brahman and Brahman-crossbred cows to  be 
lower in weaning r a t e  than o t h e r  breeds  and c r o s s e s .  C ro ck e t t  e t  a l .
(1978) r e p o r te d  weaning r a t e s  o f  63.2% f o r  s t r a i g h t b r e d  Brahman cows 
ve rsus  79.1 and 80.9% f o r  Angus and Hereford cows, r e s p e c t i v e l y .
Weaning r a t e s  o f  Angus-Brahman and Brahman-Hereford c ro s s e s  were 
s l i g h t l y  lower than t h a t  f o r  Angus-Hereford c ro s se s  (80 .8  and 77.5  vs 
82.7%, r e s p e c t i v e l y ) .  Comerford e t  a l .  (1987) found weaning r a t e s  o f  
57,  62,  64 and 70% f o r  Simmenta l , Brahman, Po l l ed  Hereford  and Limousin 
dams, r e s p e c t i v e l y .  In c r o s s e s  invo lv ing  Angus, Po l led  Hereford and 
Santa  G e r t r u d i s ,  s t r a i g h t b r e d  Santa  G e r t ru d i s  and P o l l ed  H ereford-San ta  
G e r t r u d i s  were found to  have the  lowest  weaning r a t e s  ( N e v i l l e  e t  a l . ,
1984).  Franke (1980) ,  in a review o f  American Zebu c a t t l e ,  noted t h a t  
weaning r a t e  f o r  Brahman cows was lower than t h a t  o f  Angus and Hereford 
cows ranging  from 56 .3  to  79.5%.
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H e te r o s i s  e f f e c t s  on Weaning r a t e
Several  s t u d i e s  have i n d i c a t e d  t h a t  c ro s sb re d  c a lv e s  had a h igher  
weaning r a t e  than s t r a i g h t b r e d  c a l v e s .  Cundiff  (1970) ,  s t a t e d  t h a t  
weaning r a t e  was g r e a t e r  f o r  c ro s sb re d s  than s t r a i g h t b r e d s  in f i v e  out 
o f  s ix  s t u d i e s  in h i s  rev iew.  Cundif f  e t  a l . (1974) r e p o r te d  a 6.4% 
advantage  in weaning r a t e  f o r  c ro s sb re d s  ve rsus  s t r a i g h t b r e d s .  In a 
s tudy  by Peacock and Koger (1980) ,  Fj Angus-Brahman, Angus-Charolais  
and Brahman-Charola is  dams had an 82% average  weaning r a t e  compared to  
75% f o r  the  r e s p e c t i v e  p u reb red s .  Cund if f  (1970) r e p o r t e d  h e t e r o s i s  
e s t i m a te s  o f  4.7% f o r  c ro s sb re d  cows invo lv ing  the  Angus, Hereford and 
Shor thorn  b reed s .  H e te r o s i s  f o r  weaning r a t e  in Brown Swiss x Hereford 
and Brown Swiss x Angus dams was r e p o r t e d  to  be l a r g e  and h igh ly  
s i g n i f i c a n t  (Gregory e t  a l . ,  1978b). Spe lb r ing  e t  a l .  (1977) found 
h e t e r o s i s  e s t i m a te s  o f  16.8% f o r  weaning r a t e  in  Angus x Milking 
Shor thorn  c r o s s e s .
H e te r o s i s  e s t i m a te s  f o r  weaning r a t e  invo lv ing  Brahman and 
Brahman-derived breeds  have been v a r i a b l e .  Cund if f  (1970) observed 
t h a t  h e t e r o s i s  in  Brahman x B r i t i s h  c a lv e s  was sm a l l ,  while  weaning 
r a t e  h e t e r o s i s  f o r  c a lv e s  from c ro s sb re d  Brahman x B r i t i s h  cows was 
l a r g e  a t  13.8%. N e v i l l e  e t  a l .  (1984) found h e t e r o s i s  e s t i m a te s  of  
only  2.0% f o r  weaning r a t e  in Angus, P o l led  Hereford and Santa 
G e r t r u d i s  r o t a t i o n a l  c r o s s e s .  H e te r o s i s  f o r  weaning r a t e ,  in a review 
o f  American Zebu c a t t l e  (F ranke,  1980),  ranged from - 6 .4  to  0.3% f o r  F  ^
Brahman-Hereford c ro s s  c a l v e s ,  and was approx im ate ly  1.6% f o r  
Angus-Brahman and Brahman-Charolais c ro s s  c a l v e s .  However, h e t e r o s i s  
ranged from 7 .1  t o  21.2% f o r  c a lv e s  from Brahman-Angus and 
Brahman-Hereford cows, r e s p e c t i v e l y .
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C ro ck e t t  e t  a l . (1978) ,  in  a two-breed r o t a t i o n a l  c ro s sb reed ing  
s tudy conducted over  t h r e e  g e n e r a t io n s  and u t i l i z i n g  Angus, Brahman and 
Hereford c a t t l e ,  noted t h a t  h e t e r o s i s  decreased  over g e n e r a t io n s  due to  
a r a p id  in c r e a s e  in weaning r a t e  f o r  the  s t r a i g h t b r e d s .  H e te ro s i s  
d e c l in ed  from 14.0% in g e n e r a t io n  one to  4.6% in g e n e r a t io n  t h r e e .
Weaning r a t e  f o r  the  s t r a i g h t b r e d s  in c re a se d  from 68.0% in g e n e ra t io n  
one to  80.1% in g e n e r a t io n  t h r e e ,  whi le  the  c ro s sb re d s  in c reased  very 
s l i g h t l y  from 77.5  to  83.8%.
Calving D i f f i c u l t y
Calving d i f f i c u l t y  o r  d y s t o c i a ,  accounts  f o r  a major re d u c t io n  in 
n e t  c a l f  crop weaned each y e a r ,  mainly  due to  death  lo s s e s  a s s o c i a t e d  
with  d y s to c i a  and to  lower b reed ing  r a t e s  the  nex t  y e a r  in cows which 
had ca lv in g  d i f f i c u l t y .  This  r e p r e s e n t s  a major source  o f  economic 
lo s s  to  beef  c a t t l e  p ro d u c e rs .  R esearchers  have found d i f f e r e n c e s  in 
c a lv in g  d i f f i c u l t y  a t t r i b u t e d  to  sex o f  the  c a l f ,  dam e f f e c t s ,  s i r e  
e f f e c t s  and in the  phenotypic  environment to  which th e  c a l f  was exposed 
(Sagebie l  e t  a l . ,  1969; Bellows e t  a l . ,  1971; L a s t e r  and Gregory,  1973;
Smith e t  a l . ,  1976; Burfening e t  a l . ,  1978; Gregory e t  a l . ,  1978a;
B a i ly  and Moore, 1980; Comerford e t  a l . ,  1987).  Bellows e t  a l . (1971) 
and L a s t e r  (1974) i n d i c a t e d  t h a t  b i r t h  weight was the  s i n g l e  most 
im por tan t  f a c t o r  c o n t r i b u t i n g  t o  c a lv in g  d i f f i c u l t y .
However, Got t i  e t  a l . (1985) found no s i g n i f i c a n t  d i f f e r e n c e s  f o r  
the  e f f e c t s  breed o f  s i r e ,  breed o f  dam, age o f  dam, sex o f  c a l f  or  
breed o f  s i r e  x breed o f  dam i n t e r a c t i o n ,  f o r  c ro s s e s  between Angus,
Santa  G e r t ru d i s  and Gelbvieh .  These r e s u l t s  were no t  too s u r p r i s i n g  in 
view o f  the  f a c t  t h a t  th e  cows involved in t h i s  s tudy  were mature ,  
m u l t ipa rous  fem ales .
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Means
Sex o f  c a l f  has been found to  p lay  a major r o l e  in ca lv in g  
d i f f i c u l t y .  Sagebie l  e t  a l .  (1969) noted t h a t  cows g iv ing  b i r t h  to  
male ca lves  had h ighe r  d y s to c i a  s co res  than when g iv ing  b i r t h  to  female 
c a l v e s .  C h aro la i s  x Angus male c a lv e s  had 9.1% more d y s to c i a  than the  
r e s p e c t i v e  female c a l v e s .  Male c a lv e s  o f  Angus-Hereford r e c ip r o c a l  
c ro s s e s  r e q u i r e d  more a s s i s t a n c e  than female c a l v e s .  For the  Angus x 
Hereford c r o s s ,  a s s i s t a n c e  f requency and c a lv in g  score  was 40.2% and 
0.74 p o in t s  h ig h e r  ( P<.01) f o r  male than female c a l v e s ,  r e s p e c t i v e l y .  
For the  Hereford x Angus c r o s s ,  a s s i s t a n c e  f requency and ca lv in g  score  
was 28.6% (P<.05) and 0 .50  p o in t s  ( P<.01) h ig h e r  f o r  male than female 
c a l v e s ,  r e s p e c t i v e l y  (Bellows e t  a l . ,  1971).  In c ro s s e s  u t i l i z i n g  
Angus, Hereford ,  Red P o l l ,  Brown Swiss ,  Gelbvieh ,  Maine-Anjou and 
Ch ian ina ,  male ca lv e s  r e q u i r e d  11.6% a s s i s t a n c e  versus  5.0% f o r  female 
c a l v e s .  For Maine A n jo u -s i r ed  c a l v e s ,  30% o f  the  male ca lv e s  r e q u i re d  
a s s i s t a n c e  compared to  11.2% o f  th e  females  (Gregory e t  a l . ,  1978a).  
Gregory e t  a l . (1978b) noted t h a t  Brown S w is s - s i r e d  male ca lv e s  were 
a s s o c i a t e d  with 18% d y s to c i a  in t h e i r  dams a t  b i r t h  whi le  the  females 
had 6%. Hereford and Red P o l l - s i r e d  c a lv e s  fo llowed th e  same t r e n d .  
Severa l  o th e r  s t u d i e s  r e p o r t e d  s i m i l a r  f in d in g s  with d y s to c i a  averag ing  
from 4 .0  to  12.0% l e s s  in female ve rsus  male c a lv e s  (Smith e t  a l . ,
1976; Bai ly  and Moore, 1980; Will iamson and Humes, 1985).
In c o n t r a s t  to  the  p rev ious  f i n d i n g s ,  Sagebie l  e t  a l .  (1968) 
r e p o r t e d  no s i g n i f i c a n t  d i f f e r e n c e s  between male and female c a lv e s  fo r  
c a lv in g  d i f f i c u l t y .  Nelson and Beaver (1982) found t h a t  sex o f  c a l f  
was not s i g n i f i c a n t  f o r  d y s to c i a  sco re  o r  p e r c e n t  a s s i s t e d  when b i r t h  
weigh t  was held  c o n s t a n t .  Gregory e t  a l .  (1987b) found no s i g n i f i c a n t
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d i f f e r e n c e  between male and female Angus-s ired  ca lv e s  f o r  p e rc e n t  
a s s i s t e d  b i r t h s  (4 .3  and 4.5%, r e s p e c t i v e l y ) .
Both dam breed and s i r e  breed e f f e c t s  have been s i g n i f i c a n t  
sources  o f  v a r i a t i o n  f o r  c a lv ing  d i f f i c u l t y .  Sagebie l  e t  a l . (1968) 
found t h a t  Angus dams had s i g n i f i c a n t l y  more ca lv in g  d i f f i c u l t y  when 
mated to  C h aro la i s  and Hereford s i r e s  (39 and 29% d y s t o c i a ,  
r e s p e c t i v e l y )  than when s t r a i g h t b r e d .  C h aro la i s  and Hereford s i r e s  
caused more d y s to c i a  when bred to  Angus dams than when bred to  
C h aro la i s  o r  Hereford dams. However, cow breeds  did  no t  s i g n i f i c a n t l y  
d i f f e r  from each o t h e r  when bred to  Angus b u l l s .  S im i la r  r e s u l t s  were 
r e p o r t e d  by Sagebie l  e t  a l .  (1969) ,  w ith  C h aro la i s  x Angus c a lv e s  
averag ing  36.1% more d y s to c i a  than the  r e c ip r o c a l  Angus x C h a r o la i s .
Also,  C h a r o l a i s - s i r e d  c a lv e s  had s i g n i f i c a n t l y  h ighe r  (P<.01) d y s to c i a  
s co res  than Angus o r  H e r e f o r d - s i r e d  c a lv e s .  They noted t h a t  c ro s sb re d  
c a lv e s  from Angus dams had s i g n i f i c a n t l y  h ig h e r  (P<.05) d y s to c i a  sco res  
than c ro s sb re d  c a lv e s  from Hereford o r  C h aro la i s  dams. Cund if f  (1970) ,
Smith e t  a l . (1976) and Nelson and Beavers (1982) observed d i f f e r e n c e s  
in  agreement with the  r e s u l t s  o f  Sagebie l  e t  a l .  (1969) ,  with  
C h a r o l a i s - s i r e d  c ro s sb re d  ca lves  having h ighe r  l e v e l s  o f  d y s to c i a  than 
o t h e r  breed com bina t ions .
Gregory e t  a l .  (1978a) noted t h a t  J e r s e y  and Hereford-Angus 
c ro s s e s  had s i g n i f i c a n t l y  l e s s  d y s to c i a  than South Devon, Limousin,
C h aro la i s  and Simmental c r o s s e s .  This agreed  with the  r e s u l t s  r e p o r te d  
by Smith e t  a l . (1976) ,  where ca lves  from tw o -y ea r -o ld  J e r s e y - s i r e d  
c ro s s e s  had only  15% d y s to c i a  compared to  66-74% d y s to c i a  f o r  
tw o -y e a r -o ld s  bred to  C h a r o l a i s ,  Simmental , Limousin and South Devon.
Frahm and Marshall  (1981) r e p o r te d  t h a t  J e r s e y  x Angus, J e r s e y  x
Hereford and Angus x Hereford ca lv e s  averaged 10.1% ca lv in g  d i f f i c u l t y  
compared to  21.7% f o r  Simmental x Angus c r o s s e s .
Gregory e t  a l . (1978a) observed  t h a t  10.1% o f  H e re f o r d - s i r e d  
ca lv e s  r e q u i re d  a s s i s t a n c e  versus  6.5% o f  Angus-s i red  c a l v e s .  Morris 
e t  a l .  (1986) noted t h a t  Angus c a lv e s  averaged only  4.6% a s s i s t e d  
b i r t h s .  Calving d i f f i c u l t y ,  in p e r c e n t ,  ranged from 17.5% f o r  
J e r s e y - s i r e d  c ro s se s  to  39.5% f o r  South Devon-s i red c ro s se s  with  Angus 
Hereford ,  Limousin,  C h a ro la i s  and S im m enta l - s i red  c ro s se s  f a l l i n g  in 
between (Long, 1980).  Comerford e t  a l . (1987) r e p o r t e d  ca lv in g  ease  
s co res  ranging  from 1.02 in  Limousin x Brahman and Hereford x Brahman 
c ro s se s  to  1.57 f o r  Brahman x Hereford c ro s sb re d  c a lv e s  (codes used 
were:  1 = no a s s i s t a n c e ,  2 = easy p u l l ,  3 = hard p u l l ,  4 = c ae s a re a n ,
= abnormal p r e s e n t a t i o n ) .  Brahman-sired  ca lv e s  needed more a s s i s t a n c e  
than H e r e f o r d - s i r e d  c a l v e s ,  and Simmental and Po l led  Hereford dams had 
s i g n i f i c a n t l y  more (P<.05) ca lv in g  d i f f i c u l t y  than Limousin o r  Brahman 
dams.
However, Got t i  e t  a l . (1985) found no s i g n i f i c a n t  d i f f e r e n c e  f o r  
c a lv in g  d i f f i c u l t y  between Santa  G e r t ru d i s  x Angus, Angus x Santa 
G e r t ru d i s  and Gelbvieh x Angus c r o s s e s .  Williamson and Humes (1985) 
a l s o  r e p o r t e d  no s i g n i f i c a n t  d i f f e r e n c e s  f o r  d y s to c i a  when Brahman, 
Chian ina ,  Maine-Anjou and Simmental s i r e s  were mated to  Angus and 
Hereford dams.
H e te r o s i s  e f f e c t s  on c a lv in g  d i f f i c u l t y
Very l i t t l e  has been r e p o r t e d  on h e t e r o s i s  e s t i m a te s  f o r  c a lv in g  
d i f f i c u l t y .  In a review o f  c ro s sb re e d in g  s t u d i e s ,  h e t e r o s i s  f o r  
c a lv in g  d i f f i c u l t y  was found to  range from 0 t o  7.0%, with  th e  average  
re c ip r o c a l  d i f f e r e n c e  rang ing  from 0 to  27.0% (Long, 1980).  H e te ro s i s
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f o r  b i r t h  w e ig h t ,  which i s  cons ide red  an im por tan t  f a c t o r  c o n t r i b u t i n g  
to  d y s t o c i a  (Bellows e t  a l . ,  1971; L a s t e r ,  1974) ,  has been found to  be 
p o s i t i v e  and s i g n i f i c a n t .  Sagebie l  e t  a l . (1967) found h e t e r o s i s  fo r  
b i r t h  weight to  average  3.6% f o r  both male and female ca lv e s  f o r  
c ro s s e s  between Angus, C h a ro la i s  and Hereford .  Reynolds e t  a l .  (1980) 
r e p o r t e d  h e t e r o s i s  f o r  b i r t h  w e igh t  in  Z e b u -B r i t i sh  c r o s s e s  to  average  
15.4%.
Calving I n t e r v a l ,  J u l i a n  B i r t h  Date and G e s ta t io n  Length
Calving i n t e r v a l ,  J u l i a n  b i r t h  d a te  and g e s t a t i o n  len g th  a r e  a l l  
i n t e r r e l a t e d .  Each o f  t h e s e  f a c t o r s  has a s i g n i f i c a n t  e f f e c t  on 
whether  a cow conce ives  and g ives  b i r t h  to  a c a l f  in r e g u l a r  
twelve-month i n t e r v a l s .
In r e l a t i o n  to  g e s t a t i o n  l e n g t h ,  a lmost a l l  s t u d i e s ,  have in d i c a t e d  
t h a t  sex o f  the  c a l f  p lays  a s i g n i f i c a n t  r o l e ,  w ith  cows c a r ry in g  male 
c a lv e s  having lo n g e r  g e s t a t i o n  p e r io d s  than cows g iv ing  b i r t h  to female 
c a lv e s  (Reynolds e t  a l . ,  1965; Bellows e t  a l . ,  1971; Smith e t  a l . ,
1976; Gregory e t  a l . ,  1978; Reynolds e t  a l . ,  1980; Will iamson and 
Humes, 1985).  Other s t u d i e s  show breed o f  s i r e  and breed o f  dam 
s i g n i f i c a n t l y  i n f l u e n c e  g e s t a t i o n  len g th  (Smith e t  a l . ,  1976; Gregory 
e t  a l . ,  1978a; Reynolds e t  a l . ,  1980).  Age o f  dam, however,  d id  not 
have a s i g n i f i c a n t  e f f e c t  on g e s t a t i o n  leng th  (Reynolds e t  a l . ,  1965; 
D i l l a r d ,  1967; Reynolds e t  a l . ,  1980) and G o t t i  e t  a l . (1985) found 
t h a t  n e i t h e r  age o f  dam o r  sex o f  c a l f  were s i g n i f i c a n t  in  t h e i r  s tu d y .
Means
Reynolds e t  a l .  (1965) found g e s t a t i o n  leng th  o f  Angus, Brahman,
Brangus and Afr icander-Angus  c a lv e s  to  be 280, 291, 286 and 288 days ,  
r e s p e c t i v e l y .  Mating Brahman b u l l s  to  Angus, Brangus and
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Africander-Angus cows r e s u l t e d  in  8 . 0 ,  9 .4  and 8 .1  days longe r  
g e s t a t i o n  l e n g th s  than mat ing Angus b u l l s  to  the  same cow b reeds .  
Sagebiel  e t  a l „ (1967) r e p o r t e d  g e s t a t i o n  l e n g th s  o f  279, 285 and 282 
days f o r  Angus, Hereford and C h a r o l a i s - s i r e d  c ro ssb red  c a l v e s ,  
r e s p e c t i v e l y .  Crossbred b u l l  c a lv e s  averaged 284 days whi le  the  h e i f e r  
c a lv e s  averaged 283 days in  l e n g th .  Bellows e t  a l . (1971) found 
g e s t a t i o n  l e n g th s  o f  281.2 days f o r  male Angus x Hereford c a lv e s  and 
279.3 days f o r  the  r e s p e c t i v e  female c a l v e s .  However, t h e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  between the  sexes f o r  the  r e c i p r o c a l  Hereford x 
Angus c a lv e s  (278.0 vs .  277.8  days f o r  male and female c a l v e s ,  
r e s p e c t i v e l y ) .  In o t h e r  s t u d i e s ,  male c a lv e s  ranged from 0 .6  to  2.1 
days longe r  in g e s t a t i o n  len g th  than female c a lv e s  (Smith e t  a l . ,  1976; 
Gregory e t  a l . ,  1978a; Franke,  1980; Reynolds e t  a l . ,  1980; Will iamson 
and Humes, 1985).
Smith e t  a l . (1976) r e p o r t e d  t h a t  L im ous in - s i r ed  c ro s se s  had 
longe r  g e s t a t i o n  l e n g th s  (288.1  days) than Angus, C h a r o l a i s ,  Hereford ,  
J e r s e y ,  Simmental and South Devon-s i red  c r o s s e s .  Calves from Angus 
dams had 3.1 days s h o r t e r  g e s t a t i o n  than ca lv e s  from Hereford dams 
( P<.0 1 ) .  Gregory e t  a l . (1978) r e p o r t e d  s i m i l a r  r e s u l t s ,  with c a lv e s  
from Hereford  dams having a 3 .1  day longe r  g e s t a t i o n  p e r io d  than ca lves  
from Angus dams. Hereford-Angus c ro s se s  were found to  have the  
s h o r t e s t  g e s t a t i o n ,  a l though  no t  s i g n i f i c a n t l y  d i f f e r e n t  from Red Poll  
and Brown Swiss c r o s s e s ,  w h i le  C h aro la i s  c ro s s e s  had s i g n i f i c a n t l y  
l o n g e r  (P<.01) g e s t a t i o n  l e n g t h s .  G e s ta t io n  l e n g th s  f o r  Angus,
Brahman, Brangus and Africander-Angus  were found to  be 280 .0 ,  291 .1 ,
286.0 and 287.2 days ,  r e s p e c t i v e l y ,  whi le  Angus x Brahman and Brahman x 
Angus averaged 284.0 and 286.6  days (Reynolds e t  a l . ,  1980).  Franke
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(1980) r e p o r te d  an average  g e s t a t i o n  leng th  o f  292.8 days f o r  Brahman 
c a t t l e ,  which was s i m i l a r  to  t h a t  observed by Reynolds e t  a l . (1965) 
and Reynolds e t  a l .  (1980) .
Long (1980) ,  in a review o f  c ro s sb re e d in g  s t u d i e s ,  found average
g e s t a t i o n  l en g th s  o f  284, 285, 282, 286, 285 and 286 days f o r
Angus-Hereford r e c i p r o c a l s ,  C h a r o l a i s ,  J e r s e y ,  Limousin,  Simmental and 
South Devon-s i red  c r o s s e s ,  r e s p e c t i v e l y .  Got t i  e t  a l .  (1985) noted
g e s t a t i o n  l e n g th s  o f  285.5 and 286.2 days f o r  Santa G e r t ru d i s  and
G e lb v ie h - s i r e d  c ro s sb re d  c a lv e s  ve rsus  283.5 days f o r  Angus-s ired  
c ro s sb re d  ca lv e s  (P< .05) .  S t r a i g h t b r e d  Angus c a lv e s  had the  s h o r t e s t  
g e s t a t i o n  leng th  whi le  s t r a i g h t b r e d  Santa  G e r t r u d i s  had th e  lo n g e s t  
(281.8  vs 288.6 days ,  r e s p e c t i v e l y ) .  Williamson and Humes (1985) ,  in a 
s tudy invo lv ing  Brahman, C h a r o l a i s ,  Maine-Anjou and Simmental,  found a 
g e s t a t i o n  leng th  o f  290.8 days f o r  Brahman-sired c a lv e s  and 288.8 days 
f o r  C h a r o l a i s - s i r e d  c a l v e s .  Maine-Anjou and S im m enta l - s i red  ca lved  had 
g e s t a t i o n  l e n g th s  o f  286.2 and 286.1 days ,  r e s p e c t i v e l y .
Calving i n t e r v a l  and J u l i a n  b i r t h  d a te  were s i g n i f i c a n t l y  a f f e c t e d  
by s i r e  breed and cow breed type (Reynolds e t  a l . ,  1980; McElhenny e t  
a l . ,  1986),  whi le  Got t i  e t  a l . (1985) found t h a t  age o f  dam and sex o f  
c a l f  d id  no t  s i g n i f i c a n t l y  in f lu e n c e  J u l i a n  b i r t h  d a t e .  Wythe and 
C ar tw r ig h t  (1970) found an average  ca lv in g  i n t e r v a l  o f  443.6  days in a 
herd o f  Bos indicirs  c a t t l e .  Reynolds e t  a l .  (1980) noted t h a t  Angus 
c a lv e s  were born 33 days e a r l i e r  than Brahman c a l v e s ,  bu t c ro s sb re d  
c a lv e s  from Angus dams were born only 2 days e a r l i e r  than r e c ip r o c a l  
c ro s s e s  from Brahman dams. I t  was observed t h a t  a de lay  in the  s t a r t  
o f  b reed ing  season tended to  be advantageous f o r  th e  Brahman breed .
Calves s i r e d  by Angus b u l l s  were born 22 days e a r l i e r  than those  s i r e d
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by Brahman b u l l s .  Got t i  e t  a l . (1985) observed an average  J u l i a n  b i r t h  
d a te  o f  48 .8  days f o r  Angus, Santa  G e r t r u d i s ,  Santa G e r t ru d i s  x Angus,
Angus x Santa G e r t ru d i s  and Gelbvieh x Angus. S t r a i g h t b r e d  Angus 
averaged 35.1 days whi le  the  Santa G e r t ru d i s  were c o n s id e ra b ly  l a t e r  a t  
50 .4  days.  The Santa G e r t ru d i s  x Angus and Angus x Santa  G e r t ru d i s  
were s i m i l a r  a t  43 .9  and 45 .8  days ,  r e s p e c t i v e l y .  Angus-s i red  calved 
had an average J u l i a n  b i r t h  d a te  o f  39.2  days whi le  Santa 
G e r t r u d i s - s i r e d  ca lves  averaged 48 .7  days .  The d i f f e r e n c e  between 
Angus and Santa G e r t ru d i s  dams was s i m i l a r  a t  39.6 and 48.3  days,  
r e s p e c t i v e l y .  McElhenney e t  a l . (1986) r e p o r t e d  ca lv in g  i n t e r v a l s  to  
be s h o r t e r  f o r  Brahman c r o s s e s  than f o r  J e r s e y ,  Angus and Hereford 
c r o s s e s .  Crossbred cows averaged 16 days s h o r t e r  c a lv in g  i n t e r v a l  
( P<.05) than s t r a i g h t b r e d  cows.
H e te r o s i s  e f f e c t s  on Calving I n t e r v a l ,  J u l i a n  B i r th  Date and G es ta t io n  
Length
H e te ro s i s  e s t i m a te s  f o r  c a lv in g  i n t e r v a l ,  J u l i a n  b i r t h  d a te  and 
g e s t a t i o n  len g th  were very  low, with  few s t u d i e s  r e p o r t i n g  e s t i m a te s  
f o r  t h e se  t r a i t s .  Sagebie l  e t  a l .  (1967) found h e t e r o s i s  f o r  g e s t a t i o n  
l e n g t h ,  in c ro s s e s  between Angus, C h aro la i s  and H ere fo rds ,  t o  average 
0 .5  and 0.3% f o r  bu l l  and h e i f e r  c a l v e s ,  r e s p e c t i v e l y .  Long (1980) ,  in 
a review o f  c ro s sb re e d in g  s t u d i e s ,  found h e t e r o s i s  e s t i m a t e s  f o r  
g e s t a t i o n  len g th  to  be n e a r  z e r o .  Average r e c ip r o c a l  d i f f e r e n c e s  were 
s m a l l ,  ranging  from 0 to  1.0%. Both Gregory e t  a l . (1978a) and 
Reynolds e t  a l .  (1980) found no s i g n i f i c a n t  h e t e r o s i s  f o r  g e s t a t i o n  
len g th  or  day o f  b i r t h .
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D ire c t  and Maternal A dd i t ive  Breed E f f e c t s
C h a r a c t e r i z a t i o n  o f  th e  v a r io u s  breeds  o f  b ee f  c a t t l e  f o r  
i n d iv id u a l  and maternal  a d d i t i v e  e f f e c t s  i s  e s s e n t i a l  f o r  e f f e c t i v e  
s e l e c t i o n  among b re e d s .  Knowledge o f  th e  mate rnal and in d iv id u a l
c o n t r i b u t i o n  in the  performance o f  an o f f s p r i n g  i s  necessa ry  to  plan a
sound breed ing  program.
Tables  1 and 2 c o n ta in  the  d i r e c t  and mate rnal a d d i t i v e  g e n e t i c  
e f f e c t s  f o r  th e  r e p r o d u c t iv e  t r a i t s ,  adapted from d i f f e r e n t  so u rc e s .  
Gregory e t  a l . (1978b) r e p o r t e d  t h a t  breed t r a n s m i t t e d  e f f e c t s  (g^I ) 
f o r  c a l f  crop weaned were s i g n i f i c a n t l y  s m a l l e r  f o r  the  Brown Swiss 
breed compared to  Angus, Red Poll  and Hereford ( - 1 0 .8  vs .  4 . 1 ,  4 .4  and
2.4%, r e s p e c t i v e l y ) .  Angus, Red Pol l  and Hereford did not
s i g n i f i c a n t l y  d i f f e r  from each o t h e r  in  g^I f o r  c a l f  crop weaned. The 
breed t r a n s m i t t e d  e f f e c t  f o r  g e s t a t i o n  leng th  showed the  Angus had 
s i g n i f i c a n t l y  s h o r t e r  g e s t a t i o n  l e n g th s  than the  Red P o l l ,  Brown Swiss 
o r  Hereford ( - 3 . 8  v s .  1 .3 ,  0 .8  and 1 .5  days ,  r e s p e c t i v e l y ) .  The Red 
Poll  had the  lowest  g . I  f o r  c a lv in g  d i f f i c u l t y  ( -7 .8% ),  but was not 
s i g n i f i c a n t l y  d i f f e r e n t  from Angus and Hereford .  Brown Swiss had a 
s i g n i f i c a n t l y  h ig h e r  g^I f o r  c a lv in g  d i f f i c u l t y  (10.8%), bu t  were not 
s i g n i f i c a n t l y  d i f f e r e n t  from the  Hereford  b reed .  For p e r i n a t a l  
m o r t a l i t y ,  t h e  Brown Swiss had a s i g n i f i c a n t l y  h ig h e r  g . I  than the  
Angus (6 .6  v s .  -3.0%, r e s p e c t i v e l y ) ,  bu t  was no t  s i g n i f i c a n t l y  
d i f f e r e n t  from the  Hereford and Red P o l l .
In r e l a t i o n  to  breed mate rnal e f f e c t s  (g^M), Gregory e t  a l .
(1978b) observed t h a t  Angus, Brown Swiss ,  Hereford  and Red Poll  did  not 
s i g n i f i c a n t l y  d i f f e r  from each o t h e r  f o r  c a l f  c rop weaned. The Brown 
Swiss breed was s i g n i f i c a n t l y  d i f f e r e n t  from the  o t h e r  breeds  in breed
TABLE 1. DIRECT AND MATERNAL ADDITIVE GENETIC EFFECTS FOR CALVING RATE, SURVIVAL AND WEANING RATE
T r a i t
Breed Calving Rate(%) S u r v i v a l (%) Weaning Rate(%)
Author Devia tion D i re c t  Maternal D i r e c t  Maternal D i re c t Maternal
Gregory e t  a l . ,  1978b R -1 .3 2.7* 4.1 -1 .3
BS 6.6* -1 .2 -10.8* -0 .4
H -2 .5 -2 .0* 4 .4 1.7
A -3 .0* 0 .6 2 .4 0 .0
Peacock & Koger, 1980 A -2 .4 1.5 1.6 -2 .6 -1 .0 -0 .6
B 3.5 -0 .1 -1 .3 0 .6 3 .2 -0 .3
C -1 .1 -1 .4 -0 .3 1.9 -2 .2 0 .9
T r a i l  e t  a l . ,  1982 R-Bo 0.7 -5 .1
N ev i l l e  e t  a l . ,  1984 A-PH 0.6 0 .4 0 .3 -0 .2 -0 .6 0 .4
SG-PH -7 .1* 1.0 -7 .0* 0.9 -7 .7* 0 .3
Koch e t  a l . ,  1985 A-H -1 .7 -0 .7
Olson e t  a l . ,  1985 A-BS -2 .4
O1 3 .4 15.8**
*P<.05.
**P<.01.
A = Angus, B = Brahman, Bo = Boran, BS = Brown Swiss,  C = C h a r o la i s ,  H = Hereford ,  PH = P o l led  Hereford ,  
R = Red P o l l ,  SG = Santa G e r t r u d i s .
TABLE 2. DIRECT AND MATERNAL ADDITIVE GENETIC EFFECTS FOR DAY BORN,
GESTATION LENGTH AND CALVING DIFFICULTY
Author
Breed
Devia tion
T r a i t
Day Born(days) G esta t ion i Length(days) Calving D i f f icu l ty (% )
D i re c t  Maternal Di r e c t Maternal D i re c t Maternal
Gregory e t  a l . ,  1978b R 1.3 -0 .7 -7 .8* 7.4*
BS 0 .8 1.6* 10.8* -9 .5*
H 1.5 -0 .4 -0 .4 0 .9
A -3 .8 * -0 .5 -2 .6 1.3
Koch e t  a l . ,  1985 A-H -2 .7**  -0 .9 -0 .7 4.3**
*P<.05.
**P<.01.
A = Angus, BS = Brown Swiss,  H = Hereford ,  R = Red P o l l .
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maternal e f f e c t s  with a longe r  g e s t a t i o n  leng th  and l e s s  c a lv in g  
d i f f i c u l t y .  The Red P o l l ,  Hereford and Angus were not s i g n i f i c a n t l y  
d i f f e r e n t  from each o t h e r  in g e s t a t i o n  leng th  or c a lv in g  d i f f i c u l t y ,  
but the  Red Poll  approached s i g n i f i c a n c e  f o r  g r e a t e r  c a lv in g  d i f f i c u l t y  
(7.4%). The g^I f o r  p e r i n a t a l  m o r t a l i t y  in d i c a t e d  th e  Red Poll  had the 
h i g h e s t  m o r t a l i t y  l e v e l  (2.7%) while  the  Hereford had the  lowest  
( - 2 . 0%).
T r a i l  e t  a l .  (1982) found breed o f  s i r e  d i f f e r e n c e s  to  r e f l e c t  
a d d i t i v e  d i r e c t  e f f e c t  d i f f e r e n c e s  between the  Red Pol l  and Boran 
breeds  o f  c a t t l e .  Although no t  s i g n i f i c a n t ,  the  s u rv iv a l  r a t e  o f  
progeny from the  Boran s i r e s  was h ighe r  than  t h a t  o f  Red P o l l - s i  red 
c a l v e s .  Rec iproca l  c ro s s  d i f f e r e n c e s  r e f l e c t  d i f f e r e n c e s  in the  
a d d i t i v e  mate rnal e f f e c t s  between the  Red Poll  and Boran b reed s .
Rec iproca l  c ro s s  c a lv e s  w i th  Boran dams had h ighe r  (a l though  not 
s i g n i f i c a n t )  l e v e l s  o f  s u rv iv a l  from b i r t h  to  weaning than r e c ip r o c a l  
c ro s s  c a lv e s  with  Red Pol l  dams.
N e v i l l e  e t  a l .  (1984) found t h a t  the  only g e n e t i c  component t h a t  
s i g n i f i c a n t l y  a f f e c t e d  (P<.05) r e p ro d u c t iv e  performance was the  
a d d i t i v e  e f f e c t  o f  Santa  G e r t ru d i s  (d e v ia ted  from Po l led  Hereford 
means) ,  in g e n e r a t io n s  two and th r e e  o f  a t h r e e  g e n e r a t io n  r o t a t i o n a l  
c ro s sb re e d in g  s tu d y .  The a d d i t i v e  g e n e t i c  e f f e c t  o f  Santa  G e r t ru d i s  
was s i g n i f i c a n t l y  n e g a t i v e  f o r  the  p ro p o r t io n  o f  cows t h a t  had a c a l f ,  
the  p ro p o r t io n  t h a t  had a l i v e  c a l f  and the  p ro p o r t io n  t h a t  weaned a 
c a l f .  A lso ,  t h e r e  was a c o n s i s t e n t  n e g a t iv e  r e l a t i o n s h i p  between the  
a d d i t i v e  and maternal  components f o r  Angus and Santa G e r t r u d i s .
The Angus and Hereford  breeds  were found to  s i g n i f i c a n t l y  d i f f e r  
in  terms o f  average  in d iv id u a l  g e n e t i c  e f f e c t s  f o r  day born (12.7 vs .
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2.7 days ,  r e s p e c t i v e l y ) .  The breed d i f f e r e n c e s  in day born were
a t t r i b u t e d  to  the  s h o r t e r  g e s t a t i o n  leng th  o f  the  Angus. Maternal
Me f f e c t s  were s i g n i f i c a n t  on ly  f o r  c a lv in g  ease  in Angus dams (g = 4 .3 ,d
P<.01) .  Calving ease  was found to  be n e g a t i v e l y  c o r r e l a t e d  with b i r t h  
weight and p o s i t i v e l y  c o r r e l a t e d  with  s u rv iv a l  (Koch e t  a l . ,  1985).
Olson e t  a l .  (1985) r e p o r t e d  a h igh ly  s i g n i f i c a n t  maternal  
a d d i t i v e  breed d i f f e r e n c e  (Bm) between the  Angus and Brown Swiss breeds  
f o r  pregnancy r a t e  in f a v o r  o f  the  Angus (Bm = 13.8%). The r e s u l t s  f o r  
weaning r a t e  were s i m i l a r  and in f avo r  o f  the  Angus (Bm = 15.8%).
Es t im a tes  o f  breed e f f e c t s  have been small and n o n s i g n i f i c a n t  in 
s ev e ra l  s t u d i e s ,  f o r  v a r io u s  r e p r o d u c t iv e  t r a i t s .  Peacock and Koger 
(1980) r e p o r t e d  sm a l l ,  n o n s i g n i f i c a n t  breed e f f e c t  e s t i m a t e s  f o r  both 
ca lv in g  r a t e  and s u rv iv a l  r a t e .  N e v i l l e  e t  a l . (1984) noted t h a t  
mate rnal breed  e f f e c t s  f o r  Angus and Santa G e r t ru d i s  were small and 
n o n s i g n i f i c a n t  f o r  a l l  t r a i t s  s t u d i e d .  Average in d iv id u a l  g e n e t i c  
e f f e c t s  f o r  c a lv in g  ease  and s u rv iv a l  were not s i g n i f i c a n t  in Angus o r  
H erefo rd ,  whi le  mate rnal e f f e c t s  were n o n s i g n i f i c a n t  f o r  day born and 
s u r v iv a l  (Koch e t  a l . ,  1985).  Olson e t  a l .  (1985) found a 
n o n s i g n i f i c a n t  d i r e c t  a d d i t i v e  breed e f f e c t  f o r  pregnancy r a t e ,  
s u rv iv a l  and weaning r a t e  in Angus and Brown Swiss c a t t l e .
D i r e c t  and Maternal H e te r o t i c  E f f e c t s
The e f f e c t s  o f  h e t e r o s i s  on i n d iv id u a l  and mate rnal t r a i t s  have 
been shown to  be o f  g r e a t  economic importance (Gregory and C und if f ,
1980; Long, 1980).  Maternal h e t e r o s i s  p a r t i c u l a r l y ,  has shown a 
s i g n i f i c a n t  i n f l u e n c e  on r e p r o d u c t iv e  t r a i t s  (Turner e t  a l . ,  1968;
Cundiff  e t  a l . ,  1974; Spe lb r ing  e t  a l . ,  1977; Peacock and Koger, 1980).
Thus, in fo rm a t io n  on the  l e v e l s  o f  h e t e r o s i s  in v a r io u s  breed
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combinations  can be impor tan t  in des ign ing  e f f e c t i v e  c ro s sb reed in g  
systems.
D i r e c t  and maternal  h e t e r o s i s  e f f e c t s  were adapted from d i f f e r e n t  
sources  and a r e  p re sen ted  in  Tables 3 and 4 .  D i r e c t  h e t e r o s i s  e f f e c t s  
f o r  c a lv in g  r a t e  were g e n e r a l l y  small and n o n s i g n i f i c a n t  and, in some 
c a s e s ,  n e g a t iv e  (Peacock and Koger, 1980; N e v i l l e  e t  a l . ,  1984).  Olson 
e t  a l .  (1985) a l s o  noted t h a t  breed d i r e c t  h e t e r o s i s  d id  not have a 
s i g n i f i c a n t  e f f e c t  on pregnancy r a t e .  D i r e c t  h e t e r o s i s  e f f e c t s  were 
a l s o  found to  be small and n o n s i g n i f i c a n t  f o r  day born ,  c a lv in g  e a s e ,  
s u r v iv a l  r a t e  and weaning r a t e  (C und i f f ,  1974; Peacock and Koger, 1980; 
Koch e t  a l . ,  1985; Olson e t  a l . ,  1985).
However, Cund i f f  (1970) r e p o r t e d  d i r e c t  h e t e r o s i s  f o r  s u rv iv a l  
r a t e  o f  c ro s sb re d  ca lves  to  average 3.0%. Gregory e t  a l .  (1978b) noted 
a breed mean h e t e r o s i s  f o r  Brown Swiss to  be s i g n i f i c a n t l y  h ig h e r  than 
t h a t  o f  Herefords  f o r  p e r i n a t a l  m o r t a l i t y  ( - 4 . 0  vs .  -0.1%, 
r e s p e c t i v e l y ) .  The Brown Swiss a l s o  had s i g n i f i c a n t l y  h ighe r  breed 
mean h e t e r o s i s  f o r  c a l f  crop weaned than e i t h e r  Hereford  or Red Poll  
(7 .1  v s .  2 .1  and 1.5%, r e s p e c t i v e l y ) .
Es t im ates  o f  mate rnal h e t e r o s i s  have g e n e r a l l y  been high and 
s i g n i f i c a n t  f o r  va r io u s  r e p r o d u c t iv e  t r a i t s .  Cundiff  (1970) noted a 
mate rnal h e t e r o s i s  average o f  4.7% f o r  c a l f  c rop r a i s e d ,  in a review of  
c ro s sb re e d in g  exper im en ts .  Cundif f  e t  a l . (1974) found t h a t  c ro s sb re d  
cows conceived an average  o f  2 .8  days e a r l i e r  than purebred cows. 
Spe lb r ing  e t  a l . (1977) s tu d i e d  h e t e r o s i s  f o r  mate rnal p r o d u c t i v i t y  in 
r e c i p r o c a l  Angus-Milking Shor thorn  c r o s s e s .  Crossbred cows were 
s u p e r i o r  t o  purebred  cows f o r  p e rc en t  p r e g n a n t ,  p e r c e n t  c a lves  born and 
p e rc en t  c a lv e s  weaned. H e te r o s i s  ( c ro s sb r e d - p u re b r e d )  c o n t r a s t s  f o r
TABLE 3. DIRECT AND MATERNAL HETEROSIS EFFECTS FOR CALVING RATE, SURVIVAL AND WEANING RATE
Author
Breed
Combinations
T r a i t
Calving Rate(%) S u r v i v a l (%) Weaning Rate(%)
D ire c t Maternal Di r e c t Maternal Di r e c t Maternal
Gregory e t  a l . ,  1978ba R -2 .3 1.6
B -4 .0* 7.1*
H -0 .1 2.1
A -2 .3 4 .8*
Peacock & Koger, 1980 AB 4.4 8.7** 2.1 4.2* 4.6 12.2**
AC -6 .5 2 .2 -2 .5 1.8 -6 .6 3.3
BC 0.9 9.2** 4 .5 -2 .4 4 .9 6.9*
T r a i l  e t  a l . ,  1982 RBo 2.7
N e v i l l e  e t  a l . ,  1984 APH 3.5 1.2 0 .4
ASG 4.5 3.3 3.1
PHSG 2.8 2 .3 2 .4
Koch e t  a l . ,  1985 AH -0 .7 -0 .5
Olson e t  a l . ,  1985 ABS -1 .3 1.8 2.5 13.0**
*P<.05.
**P<.01.
A = Angus, B = Brahman. Bo = Boran, BS = Brown Swiss,  C = C h a r o l a i s ,  H = Hereford ,  PH = Po l led  Hereford ,  
R = Red P o l l ,  SG = Santa G e r t r u d i s .
Breed mean h e t e r o s i s .
TABLE 4. DIRECT AND MATERNAL HETEROSIS EFFECTS FOR DAY BORN, GESTATION LENGTH AND CALVING DIFFICULTY
Breed
Author Combination
T r a i t
Day Born(days) G e s ta t io n  Length(days) Calving D i f f i c u l ty (X )
D i re c t  Maternal D i re c t  Maternal Di r e c t Maternal
Gregory e t  a l . ,  1978ba R -0 .3 3 .4
B -0 .3 1.6
H - 0 .4 3 .8
A -0 .6 0 .4
Koch e t  a l . ,  1985 AH -1 .1  1.1 1 o • 1.2
a
Breed mean h e t e r o s i s .
A = Angus, B = Brahman, H = Hereford ,  R = Red P o l l .
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the  f i r s t  t h r e e  c a l f  c rops  were 8 . 4 ,  -0 .5  and 13.4 (P<.05) f o r  pe rcen t  
p re g n a n t ,  7 . 2 ,  - 1 .4  and 14.2  (P<.05) f o r  p e r c e n t  c a lv e s  born and 12.3 ,
7 .0  and 15.2 ( P<.05) f o r  weaning p e r c e n t ,  r e s p e c t i v e l y .  The weaning 
r a t e  c o n t r a s t  always exceeded b i r t h  r a t e  c o n t r a s t ,  i n d i c a t i n g  s u p e r io r  
s u rv iv a l  o f  ca lves  with c ro s sb re d  mothers .
Peacock and Koger (1980) r e p o r t e d  mate rnal h e t e r o s i s  e s t i m a te s  of 
8 . 7 ,  9 .2  and 2.2% f o r  c a lv in g  r a t e  o f  Angus x Brahman, Brahman x 
C h aro la i s  and Angus x C h aro la i s  dams, r e s p e c t i v e l y .  The maternal  
h e t e r o s i s  f o r  weaning r a t e  averaged 9.3% f o r  t h e  above c r o s s e s .  This 
da ta  i s  in genera l  agreement with Koger e t  a l .  (1973) showing high 
l e v e l s  o f  mate rnal h e t e r o s i s  f o r  Zebu-European breed c r o s s e s .  Olson e t  
a l .  (1985) found the  e f f e c t s  o f  maternal  h e t e r o s i s  to  be h igh ly  
s i g n i f i c a n t  f o r  both pregnancy r a t e  (9 .9  ± 2.5%, P<.01) and weaning 
r a t e  (13 .0  ± 3.1%, P<.001) .
In c o n t r a s t ,  s ev e ra l  s t u d i e s  found mate rnal h e t e r o s i s  f o r  c e r t a i n  
t r a i t s ,  p a r t i c u l a r l y  s u r v iv a l  r a t e ,  to  be small and n o n s i g n i f i c a n t .  
Cundiff  e t  a l .  (1974) noted t h a t  mate rnal h e t e r o s i s  o f  Angus, Hereford 
and Shor thorn  c ro s se s  had no e f f e c t  on p o s t n a t a l  s u rv iv a l  from b i r t h  to  
weaning. Peacock and Koger (1980) found mate rnal h e t e r o s i s  f o r  
s u rv iv a l  r a t e  to  be s i g n i f i c a n t  only  f o r  the  Angus x Brahman dams 
(4.2%, P<.05) and small and n o n s i g n i f i c a n t  f o r  th e  o t h e r  breed c r o s s e s .  
Maternal h e t e r o s i s  e s t i m a t e s  f o r  c a lv in g  r a t e ,  s u rv iv a l  and weaning 
r a t e  o f  c ro s sb re d  dams inv o lv in g  the  Angus, P o l l ed  Hereford  and Santa 
G e r t ru d i s  b re e d s ,  were s m a l l ,  n e g a t iv e  and n o n s i g n i f i c a n t  ( N e v i l l e  e t  
a l . ,  1984).  Maternal h e t e r o s i s  in Angus-Hereford c ro s s e s  were 
n o n s i g n i f i c a n t  f o r  day born ,  c a lv in g  ease  and s u rv iv a l  (Koch e t  a l . ,
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1985),  w h i le  Olson e t  a l . (1985) r e p o r te d  sm a l l ,  n o n s i g n i f i c a n t  
mate rnal h e t e r o s i s  e s t i m a t e s  f o r  s u rv iv a l  r a t e .
Summary
Reproductive  r a t e s  f o r  c a lv in g  r a t e ,  c a l f  s u rv iv a l  and weaning 
r a t e  tended  to  be high f o r  s t r a i g h t b r e d  B r i t i s h  and B r i t i s h - s i r e d  
c r o s s b r e d s .  In c r o s s e s  invo lv ing  Brahman, C haro la i s  and B r i t i s h  breeds 
o f  c a t t l e ,  s ev e ra l  s t u d i e s  r e p o r te d  s i g n i f i c a n t l y  h ighe r  r e p ro d u c t iv e  
r a t e s  f o r  B r i t i s h  s t r a i g h t b r e d  and B r i t i s h - s i r e d  c ro s sb re d s  when 
compared to  C o n t i n e n t a l -  and Brahman-si red  c r o s s b r e d s .  Surv iva l  r a t e  
f o r  Brahman s t r a i g h t b r e d s  was c o n s id e r a b ly  lower than t h a t  f o r  B r i t i s h  
and C o n t inen ta l  s t r a i g h t b r e d s .  However, o t h e r  s t u d i e s  r e p o r t e d  
s i g n i f i c a n t l y  h ig h e r  c a lv in g  r a t e s  and weaning r a t e s  f o r  Brahman-type 
c ro s sb re d s  as compared to  B r i t i s h - t y p e  c r o s s b r e d s ,  i n d i c a t i n g  t h a t  
Brahman-type c a t t l e  perform well  in  some env ironments .
G e s ta t io n  len g th  f o r  B r i t i s h  and B r i t i s h - s i r e d  c ro s sb re d  ca lves  
was s i g n i f i c a n t l y  s h o r t e r  than f o r  C o n t i n e n t a l -  and Brahman-sired 
c ro s sb re d  c a l v e s ,  with  Brahman-sired  c a lv e s  having the  lo n g e s t  
g e s t a t i o n  l e n g th s  (286 to  291 d a y s ) .  A ngus-s i red  c a lv e s  had 
c o n s id e ra b ly  e a r l i e r  J u l i a n  b i r t h  d a t e s  compared to  Brahman- and Santa 
G e r t r u d i s - s i r e d  c a l v e s .  However, one s tudy  r e p o r t e d  s h o r t e r  c a lv in g  
i n t e r v a l s  f o r  Brahman c r o s s e s  than f o r  B r i t i s h  c r o s s e s .
Calves s i r e d  by Hereford  and C h aro la i s  b u l l s  r e q u i r e d  more 
a s s i s t a n c e  a t  b i r t h  than c a lv e s  s i r e d  by Angus b u l l s ,  p a r t i c u l a r l y  when 
bred to  Angus dams. In g e n e r a l ,  Brahman- and C o n t i n e n t a l - s i r e d  ca lves  
had h ig h e r  d y s to c i a  sco res  than B r i t i s h - s i r e d  c a l v e s .
Sex o f  c a l f  had a s i g n i f i c a n t  i n f l u e n c e  on s u rv iv a l  r a t e ,  
g e s t a t i o n  len g th  and c a lv in g  d i f f i c u l t y .  H e i f e r  c a lv e s  had g r e a t e r
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s u rv iv a l  from b i r t h  to  24 ho u rs ,  wh i le  male ca lv e s  had g r e a t e r  su rv iv a l  
to  weaning. Male c a lv e s  tended to  have longe r  g e s t a t i o n  l en g th s  and 
g r e a t e r  c a lv in g  d i f f i c u l t y  a t  b i r t h  than d id  fem ales ,  with male ca lves  
needing 4 .0  to  12.0% more a s s i s t a n c e  a t  b i r t h  than females .
H e te ro s i s  f o r  c a lv in g  r a t e  and c a l f  s u rv iv a l  was v a r i a b l e  with 
some s t u d i e s  r e p o r t i n g  e i t h e r  n e g a t iv e  o r  n o n s i g n i f i c a n t  h e t e r o s i s  
e s t i m a t e s .  However, o t h e r  s t u d i e s  found h e t e r o s i s  to  range from 3 .0  to  
27.0% f o r  c a lv in g  r a t e  in  B r i t i s h  and Zebu c ro s s e s  and c a l f  s u rv iv a l  
h e t e r o s i s  ranged from 3 .0  t o  15.0% f o r  Br it ish-Brahman c ro ssb red  
c a l v e s .  Higher h e t e r o s i s  e s t i m a te s  in  c ro s s e s  invo lv ing  the  Brahman 
were p a r t i a l l y  due to  the  low s u rv iv a l  r a t e  o f  Brahman s t r a i g h t b r e d  
c a l v e s .  Weaning r a t e  h e t e r o s i s  f o r  B r i t i s h  x B r i t i s h  and 
B r i t i s h - C o n t i n e n t a l  c ro s sb re d s  was l a r g e  and h ig h ly  s i g n i f i c a n t .  With 
Brahman-type c r o s s e s ,  h e t e r o s i s  in Brahman-Br i t i sh  ca lv e s  was sm al l ,  
whi le  h e t e r o s i s  f o r  c a lv e s  from c ro s sb re d  Brahman-Br it ish  cows was 
l a r g e  and s i g n i f i c a n t .
H e te ro s i s  f o r  c a lv in g  i n t e r v a l ,  J u l i a n  b i r t h  d a te  and g e s t a t i o n  
leng th  was very  low, with e s t i m a t e s  ranging  from 0 to  1.0%. H e te ro s i s  
f o r  c a lv in g  d i f f i c u l t y  was r e p o r t e d  in only  a few s t u d i e s ,  ranging  from 
0 to  7.0%.
D i re c t  and mate rnal a d d i t i v e  breed e f f e c t s  were r e p o r t e d  in 
s ev e ra l  s t u d i e s  f o r  B r i t i s h  breeds  o f  c a t t l e ,  however, very  l i t t l e  was 
r e p o r t e d  f o r  Brahman and Brahman-derived b re e d s .  D i r e c t  a d d i t i v e  breed 
e f f e c t s  were r e p o r t e d  i n d i c a t i n g  th e  Brown Swiss had s i g n i f i c a n t l y  
lower weaning r a t e s ,  a longe r  g e s t a t i o n  len g th  and g r e a t e r  c a lv in g  
d i f f i c u l t y  than Angus, Hereford  and Red P o l l .  Other s t u d i e s  found the 
Red Po l l  to  have the  h i g h e s t  d i r e c t  breed  e f f e c t  f o r  c a l f  m o r t a l i t y  as
37
compared to  Angus, Boran, Brown Swiss and Hereford .  Breed d i r e c t  
e f f e c t s  f o r  day born were s i g n i f i c a n t l y  h ighe r  in the  Angus ve rsus  the  
Hereford ,  w h i le  th e  a d d i t i v e  g e n e t i c  e f f e c t  o f  Santa G e r t ru d i s  was 
s i g n i f i c a n t l y  n e g a t iv e  f o r  c a lv in g  r a t e ,  s u rv iv a l  r a t e  and weaning 
r a t e .
For mate rnal breed e f f e c t s ,  the  Brown Swiss had s i g n i f i c a n t l y  
lo n g e r  g e s t a t i o n  l e n g th s  and l e s s  c a lv in g  d i f f i c u l t y  than o t h e r  B r i t i s h  
b re e d s .  Maternal e f f e c t s  were a l s o  s i g n i f i c a n t  f o r  c a lv in g  r a t e ,  
weaning r a t e  and ca lv in g  e a s e ,  with  Angus dams having g r e a t e r  e f f e c t s  
than o t h e r  breeds  r e p r e s e n t e d .
In c o n t r a s t ,  many s t u d i e s  have r e p o r t e d  small and n o n s i g n i f i c a n t  
d i r e c t  and mate rnal a d d i t i v e  breed e f f e c t s  f o r  a l l  t r a i t s  s t u d i e d .  
N o n s i g n i f i c a n t  e f f e c t s  were found f o r  both the  B r i t i s h  and 
Brahman-derived b re e d s .
D i r e c t  h e t e r o s i s  e f f e c t s  were found to  be small and n o n s i g n i f i c a n t  
and, in some c a s e s ,  n e g a t i v e  f o r  pregnancy r a t e ,  c a lv in g  e a s e ,  day 
born ,  s u rv iv a l  r a t e  and weaning r a t e .  However, o t h e r  s t u d i e s  r e p o r te d  
s i g n i f i c a n t  d i r e c t  h e t e r o s i s  f o r  s u rv iv a l  r a t e  and weaning r a t e .
Severa l  s t u d i e s  have r e p o r t e d  s i m i l a r  r e s u l t s  f o r  mate rnal 
h e t e r o s i s  e f f e c t s .  Es t im a tes  were small and n o n s i g n i f i c a n t  f o r  a l l  
t r a i t s  s tu d i e d  and f o r  a l l  breeds  invo lved .  In c o n t r a s t ,  s i g n i f i c a n t  
mate rnal h e t e r o s i s  e s t i m a t e s  were observed f o r  o t h e r  s t u d i e s .  Large 
and s i g n i f i c a n t  e s t i m a te s  have been r e p o r t e d  f o r  p e rc e n t  p reg n an t ,  
c a lv in g  r a t e ,  s u r v iv a l  r a t e  and weaning r a t e .  Crossbred cows were 
s u p e r i o r  to  purebred  cows in  a l l  the  above t r a i t s ,  with  the  
Zebu-European breed c r o s s e s  showing p a r t i c u l a r l y  high l e v e l s  o f  
mate rnal h e t e r o s i s .
The e s t i m a t i o n  o f  d i r e c t  and maternal  a d d i t i v e  and h e t e r o t i c  
g e n e t i c  e f f e c t s  i s  e s s e n t i a l  f o r  the  founda t ion  o f  sound breeding 
programs. D i r e c t  and mate rnal a d d i t i v e  e f f e c t s  a re  needed f o r  
e f f e c t i v e  s e l e c t i o n  among b r e e d s ,  whereas the  h e t e r o t i c  e f f e c t s  a re  
im por tan t  in de te rm in ing  breed c r o s s e s .  In d iv id u a l  and maternal  
h e t e r o s i s  e f f e c t s  were found to  be o f  g r e a t  economic impor tance ,  with 
mate rnal e f f e c t s  having a s i g n i f i c a n t  i n f l u e n c e  on most o f  the  
r e p ro d u c t iv e  t r a i t s .
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CHAPTER II
REPRODUCTION OF BEEF CATTLE IN FOUR GENERATIONS 
OF ROTATIONAL CROSSBREEDING
Summary
Reproduct ive da ta  c o l l e c t e d  on 4,301 s t r a i g h t b r e d  and two-,  t h r e e -  
and fo u r -b re e d  r o t a t i o n a l  c ro s sb re d  cows a t  Ben Hur Farm o f  the  
Lou is iana  A g r i c u l t u r a l  Experiment S t a t i o n ,  Baton Rouge, were a v a i l a b l e  
f o r  s tu d y .  Data were c o l l e c t e d  f o r  fo u r  g e n e r a t io n s  (1970 to  1986) and 
c o n s i s t e d  o f  Angus (A), Brahman (B) ,  C h aro la i s  (C) and Hereford  (H) 
s t r a i g h t b r e d s , AB, CB and HB tw o-breed ,  ABC, ABH and BCH t h r e e -  breed 
and ABCH fo u r -b re e d  r o t a t i o n a l  com bina t ions .  Genera t ion  (G),  yea r  
w i th in  g e n e r a t io n  and l i n e  (L) or  breed group o f  dam w i th in  g e n e r a t io n  
were s i g n i f i c a n t  sources  o f  v a r i a t i o n  f o r  c a lv in g  r a t e  (CR), c a l f  
s u rv iv a l  (CS),  weaning r a t e  (WR), c a l f  b i r t h  d a te  (CBD) and p e rc en t  
a s s i s t e d  b i r t h s  (PA). Sex of  c a l f  in f lu e n c e d  (P<.01) CS, CBD and PA. 
The l i n e a r  and q u a d r a t i c  e f f e c t s  o f  cow age were im por tan t  ( P<.01) f o r  
each t r a i t .  The o v e r a l l  means f o r  CR, CS, WR, CBD and PA, were 80.2%, 
92.7%, 73.5%, 50.2 days and 3.9%, r e s p e c t i v e l y .  Male c a lv e s  had lower 
s u r v iv a l  to  weaning, were born l a t e r  in  th e  ca lv in g  season and r e q u i re d  
more a s s i s t a n c e  a t  b i r t h .  For two-breed r o t a t i o n s ,  the  HB had the  
h i g h e s t  l e a s t  squares  means and h e t e r o s i s  e s t i m a te s  f o r  CR, CS and WR 
w hi le  the  AB and HB had th e  e a r l i e s t  CBD and lowest PA. The ABH and 
BCH had th e  b e s t  performance in a l l  t r a i t s  among th e  th r e e - b r e e d  
combina t ions .  The s t r a i g h t b r e d  B tended  to  perform poor ly  f o r  a l l  
t r a i t s  excep t  PA. Crossbred  combinations  were s u p e r i o r  to  
s t r a i g h t b r e d s  f o r  CR, CS, WR and PA. For CBD, t h r e e - b r e e d  r o t a t i o n s  
were born e a r l i e r  (47.1  days) than a l l  o t h e r  mating types  ( 5 1 .9 ,  52.0
46
and 52.3 days f o r  s t r a i g h t b r e d ,  two-breed and fo u r -b re e d  r o t a t i o n s ,  
r e s p e c t i v e l y ) .  H e te r o s i s  was l a r g e  and p o s i t i v e  (P<.05 or  P<.01) fo r  
most breed combina tions  f o r  CR, CS and WR. However, h e t e r o s i s  
e s t i m a te s  f o r  CS tended to  be s m a l le r  than those  f o r  CR and WR, 
i n d i c a t i n g  s i m i l a r  performance f o r  s t r a i g h t b r e d s  and c ro s sb red s  f o r  CS. 
H e te r o s i s  l e v e l s  f o r  CBD and PA were low, with only  a few s i g n i f i c a n t  
e s t i m a t e s .  Least  squares  means and h e t e r o s i s  e s t i m a te s  f o r  CR and WR 
tended  to  be h ig h e r  in cows composed o f  a high pe rcen tage  (> 50%) o f  B. 
However, cows with  B - s i r e d  c a lv e s  tended  to  have lower CR and WR and 
the  c a lv e s  were born much l a t e r  and r e q u i r e d  a g r e a t e r  degree of  
a s s i s t a n c e  a t  b i r t h .
(Key Words: C ro ssb reed in g ,  bee f  c a t t l e ,  r e p r o d u c t io n ,  h e t e r o s i s ) .
I n t r o d u c t i o n
Reproduct ion in b e e f  c a t t l e  d i r e c t l y  a f f e c t s  economic r e t u r n  to  
the  l i v e s t o c k  p roducer .  T h e r e f o r e ,  methods designed to  in c re a se  
r e p r o d u c t iv e  e f f i c i e n c y  would be h ig h ly  d e s i r a b l e .  Systems o f  
c ro s sb re e d in g  have been found to  in c r e a s e  p roduc t ion  e f f i c i e n c y  and the  
advantages  o f  c ro s sb re e d in g  a re  well documented (Mason, 1966; C und if f ,  
1970; Long, 1980; S h e r id a n ,  1981).
R o ta t io n a l  c r o s sb re e d in g  has been used f o r  both th e  maintenance o f  
h e t e r o s i s  and p roduc t ion  o f  rep lacement  fem ales .  The t h e o r e t i c a l  b a s i s  
behind c ro s sb re e d in g  f o r  t h e  improvement o f  l i v e s t o c k  p roduc t ion  has 
been d i s cu s sed  by Dickerson (1969, 1973) and H i l l  (1971) .  Taking 
advantage  o f  e x i s t i n g  l e v e l s  o f  v a r i a b i l i t y  between breeds  through 
s y s te m a t ic  c ro s sb re e d in g  should  in c r e a s e  p roduc t ion  e f f i c i e n c y  above 
what could  be accomplished through s e l e c t i o n  a lone  (C a r tw r ig h t ,  1970).  
Eva lua t ions  o f  r o t a t i o n a l  c ro s sb re e d in g  systems in  b e e f  c a t t l e  have
been p re sen te d  by Kidder e t  a l . (1964) ,  Chapman e t  a l . (1970) and 
N e v i l l e  e t  a l . (1984) .
H e te r o s i s  i s  g e n e r a l l y  de f ined  as the  d i f f e r e n c e  between the  
c ro s sb re d  mean and the  mean o f  th e  p a re n ta l  breeds  (Willham, 1970; 
S he r idan ,  1981).  Most r e p ro d u c t iv e  t r a i t s  a re  lowly h e r i t a b l e  and 
e x h i b i t  a h e t e r o t i c  advantage in c ro s s e s  between d i f f e r e n t  b reeds .  
H e te r o s i s  i s  dependent on the  squared d i f f e r e n c e  in gene f requency 
between the  breeds  to  be c ro s sed  and th e  degree  o f  dominance (F a lco n e r ,  
1982).  T h e re fo re ,  f o r  maximum h e t e r o s i s  to  occur  in  the  o f f s p r i n g ,  the  
breeds  to  be c ros sed  should be as g e n e t i c a l l y  d iv e r s e  as p o s s i b l e  and 
should  e x h i b i t  dominance a t  the  f a v o ra b le  genes .  R o ta t io n a l  
c ro s sb re e d in g  systems a l low  f o r  the  combinat ion and e x p re s s io n  o f  both 
in d iv id u a l  and mate rnal h e t e r o s i s .  Three-breed  r o t a t i o n a l  c ro s se s  
should  r e t a i n  approx im ate ly  85.7% or  6/7 o f  th e  maximum p o s s i b l e  
i n d iv id u a l  and mate rnal h e t e r o s i s ,  whi le  a two-breed c ro s s  would 
achieve  2/3  o r  66.7% o f  t h i s  maximum. However, f u r t h e r  l o s s e s  in 
h e t e r o z y g o s i ty  may occur  due to  i n t e r - b r e e d  recombinat ion  in gametes 
from the  dam and mate rnal granddam (Dickerson ,  1969).  The 
c o n t r i b u t i o n s  o f  h e t e r o s i s  to  the  economica l ly  im por tan t  t r a i t s  in beef  
c a t t l e  have been well  documented (Turner e t  a l . ,  1968; C u nd i f f ,  1970; 
C ro ck e t t  e t  a l . ,  1978; Franke,  1980; Reynolds e t  a l . ,  1980; Peacock e t  
a l . ,  1981).
The o b j e c t i v e  o f  t h i s  s tudy was to  e v a lu a t e  the  r e p ro d u c t iv e  
performance from fo u r  g e n e r a t io n s  o f  r o t a t i o n a l  c ro s sb re e d in g  invo lv ing  
Angus, Brahman, C haro la i s  and Hereford breeds  o f  bee f  c a t t l e .
M a te r i a l s  and Methods
Source o f  D a ta . Reproductive  da ta  f o r  s t r a i g h t b r e d ,  two- ,  t h r e e -  
and fo u r -b re e d  r o t a t i o n a l  c ro s sb red  beef  c a t t l e  were c o l l e c t e d  f o r  four  
g e n e r a t io n s  (1970 to  1986) a t  the  Ben Hur Beef C a t t l e  Farm o f  the  
Louis iana  A g r i c u l t u r a l  Experiment S t a t i o n ,  Baton Rouge, Lou i s iana .
Baton Rouge i s  lo c a t e d  a t  l a t i t u d e  30°31'N and lo n g i tu d e  91°08'W and i s  
1 0 .6M above sea l e v e l .  The environment  i s  s u b t r o p ic a l  with average 
maximum and minimum tem pera tu res  o f  26 and 18 degrees  C, average 
maximum and minimum humidity  o f  88 and 54 p e rc en t  and an average 
r a i n f a l l  o f  147cm.
Four s t r a i g h t b r e d  l i n e s  were used as c o n t r o l s :  Angus (A),  Brahman
(B),  C h aro la i s  (C) and Hereford  (H). Three two-breed (AB, CB, and HB), 
t h r e e  th r e e - b r e e d  (ABC, ABH and BCH) and one fo u r -b re e d  (ABCH) 
r o t a t i o n a l  combinations  were i n i t i a t e d  with  F^ AB, CB and HB cows in 
g e n e r a t io n  1. The expec ted  breed composi t ion f o r  i n d i v i d u a l s  in each 
g e n e r a t io n  i s  p re sen te d  in Table 5. Four y e a r s  o f  d a ta  were a v a i l a b l e  
f o r  g e n e r a t io n s  one through t h r e e ,  bu t  only  two y e a r s  (1985 and 1986) 
o f  g e n e r a t io n  fo u r  da ta  were a v a i l a b l e .  Each o f  the  f i r s t  t h r e e  
g e n e r a t io n s  l a s t e d  f i v e  y e a r s  with  no o v e r la p p in g .
Records a v a i l a b l e  f o r  t h i s  s tudy  inc luded  c a l f  crop y e a r ,  cow 
breed ,  cow age in y e a r s ,  c a l f  s t a t u s  (0 = cow did  no t  c a l v e ,  1 = normal 
b i r t h ,  l i v e  c a l f ,  2 = l o s s  o f  cow known to  be p re g n a n t ,  3 = c a l f  a l i v e  
bu t  p u l l e d ,  4 = c a l f  a l i v e  breeched d e l i v e r y ,  5 = s t i l l b o r n ,  6 = 
s t i l l b o r n  p u l l e d ,  7 = s t i l l b o r n  breeched ,  8 = s u r g i c a l  d e l i v e r y ,  9 = 
cow a b o r t e d ) ,  c a l f  b reed ,  c a l f  sex (1 = male ,  2 = fe m a le ) ,  J u l i a n  b i r t h  
d a t e ,  b i r t h  w e ig h t ,  and c a l f  weaning s t a t u s  (0 = cow d id  no t  c a l v e ,  1 = 
normal weaning, 2 = c a l f  weaned on f o s t e r  dam, 3 = c a l f  so ld  be fore
TABLE 5 . BREED OF SIRE X BREED OF DAM COMBINATIONS OVER FOUR GENERATIONS OF TWO-, THREE- AND FOUR-BREED
ROTATIONAL CROSSBREEDING
Mating type  and G enera tion
b reed  com binations 1 2 3 4
S t r a ig h tb r e d s
Angus (A) 
Brahman (B) 
C h a ro la is  (C) 
H ereford  (H)
Two-breed ro ta t io n s* 3
A X A = A A X A = A A X A = A A X A = A
B X B = B B X B = B B X B = B B X B = B
C X C = C C X C = C C X C = C C X C = C
H X H = H H X H = H H X H = H H X H = H
A - B A x A j B i  -  A3B1 B X  A 3B 1 = B5A 3 A x B 5 A 3  = A i j B s B x Aj 1 B 5  = B2 iA n
C - B C x C 1B1 = C3B1 B X C 3 B 1  = B 5C 3 C x B 5 C 3  -  C 1 1 B 5 B x C 1 1 B 5  = B2 iC ji
H - B H x H 1B l  =  H3B1 B X H 3 B 3  -  B5H3 H x B 5 H 3  = H 1 1 B 5 B x H u B s  = B21H n
T hree-b reed  r o t a t i o n s
A-B-C
A-B-H
B-C-H
F our-b reed  ro ta t io n * 5
C x A j B j -  C2A1B1 
A x H ^ x  = A2HxBi 
C x HxBx = C2HxBx
A x C2AxBx -  AsC2Bj 
H x A2HxBi = H5A2Bx 
H x C2HxBi = H5C2Bi
B x AsC2Bx = B9A5C2 
B x H5A2Bx = B9HsA2 
B x HsC2Bx = B9HsC2
C x B9AsC2 = CxsBgAs 
A x B9H9A2 = Ax9B9H5 
C X BgHsC2 = CigBgHg
A-B-C-H H x A1B1 = H2AxBx C x H2Ai Bx = Ci4H2AxBx B x C9H2Ai Bx -  B9Ci|H2Ax A x B9C9H2Ax-  Ax7B9C9H2
.M atings  a r e  breed o f  s i r e  x b reed  o r  c ro s s b re d  type o f  cow = breed  o r  c r o s s b r e d  ty p e  o f  progeny.
S u b s c r ip t s  r e p r e s e n t  p ro p o r t io n  o f  b ree d in g  o f  s p e c i f i c  b r e e d s .  For example A3B1 r e p r e s e n t s  3/4  Angus and 1/4 Brahman, A5C2Bi 
r e p r e s e n t s  5/8  Angus, 2/8  C h a ro la is  and 1/8  Brahman.
weaning, 4 = c a l f  s t i l l b o r n ,  5 = c a l f  d ied  in f i r s t  24 hours o f  b i r t h ,
6 = c a l f  d ied  in f i r s t  48 hours o f  b i r t h ,  7 = c a l f  d ied  a f t e r  48 hours 
o f  b i r t h ) .
Management o f  C a t t l e . P r i o r  to  each breeding  sea son ,  cows were 
randomly a ss igned  to  a p a r t i c u l a r  b reed ing  herd on th e  b a s i s  o f  t h e i r  
age and b r e e d - ty p e .  Each herd was composed o f  25 to  30 females with a 
s i n g l e - s i r e  mating p lan .  S i r e s  used f o r  b reed ing  were purchased from 
Louis iana  b reed e rs  on the  b a s i s  o f  s t r u c t u r a l  soundness ,  s i z e  and 
f e r t i l i t y  o f  t h e i r  dams. Bul ls  were purchased a t  1 to  2 y e a r s  o f  age 
and used f o r  only  two b reed ing  seasons  in o rd e r  to  sample as many b u l l s  
as p o s s i b l e .  All b u l l s  were weighed, de-wormed and given breeding  
soundness examinat ions  (BSE's) p r i o r  to  the  s t a r t  o f  each breeding 
season .  A 75-day n a tu r a l  s e r v i c e  b reed ing  season was u t i l i z e d ,  
beginning  Apri l  15 and ending J u ly  1 o f  each y e a r .
Calves were born between January  15 and Apri l  1 and were weighed, 
dehorned and i d e n t i f i e d  a t  b i r t h .  All  c a lv e s  were weaned the  f i r s t  
week in October a t  an average  age o f  220 days .  Cows were pregnancy 
t e s t e d  in October and were c u l l e d  only  f o r  f a i l i n g  to  produce a c a l f  
f o r  two c o n se c u t iv e  y e a r s ,  s t r u c t u r a l  unsoundness o r  r e p ro d u c t iv e  
a b n o r m a l i t i e s .  There was no d e l i b e r a t e  s e l e c t i o n  placed  on th e se  
females  f o r  f e r t i l i t y  o r  p r o d u c t i v i t y .  These c u l l i n g  p r a c t i c e s  
minimized any c u l l i n g  b i a s .
Cows were w in te red  on n a t i v e  hay,  f o r t i f i e d  b l a c k s t r a p  molasses 
and overseeded r y e g r a s s  ( Lolium m u l t i f l o r u m ) . The d i e t s  were assumed 
to  meet NRC re q u i re m e n ts .  Cows were grazed on common bermuda ( Cyandon 
dac ty l  on ) and d a l l i s g r a s s  ( Paspalum d i l a t a t u m ) p a s tu r e s  dur ing  the
summer w i th  some Lou is iana  S - l  w h i te  c lo v e r  (T r i fo l iu m  re p e n s ) 
a v a i l a b l e  in the  s p r in g .
Reproductive  T r a i t s . The t r a i t s  o f  i n t e r e s t  in t h i s  s tudy were 
c a lv in g  r a t e  (CR), c a l f  s u rv iv a l  (CS),  weaning r a t e  (WR), c a l f  b i r t h  
d a te  (CBD) and p e rc e n t  a s s i s t a n c e  a t  b i r t h  (PA). Calving  r a t e  was 
d e f in ed  as the  number o f  cows exposed to  b reed ing  t h a t  gave b i r t h  to  a 
c a l f  (1 = c a l f ,  0 = no c a l f ) .  Cows l o s t  be fo re  ca lv in g  and cows t h a t  
abo r ted  were no t  inc luded  in the  a n a l y s i s  o f  c a lv in g  r a t e .  Cal f  
s u rv iv a l  was th e  number o f  c a lv e s  born t h a t  su rv ived  to  weaning (1 = 
s u rv iv e d ,  0 = d ied  be fo re  weaning) .  Weaning r a t e  was the  number of  
cows exposed to  b reed ing  t h a t  weaned a c a l f  (1 = weaned, 0 = did  not 
wean),  and was th e  p roduc t  o f  c a lv in g  r a t e  and c a l f  s u r v i v a l .  Cal f
b i r t h  d a te  was th e  day o f  b i r t h  counted in days s t a r t i n g  from January  1
us ing  the  J u l i a n  c a l e n d e r .  Only cows t h a t  gave b i r t h  to  a c a l f  were 
inc luded  f o r  t h i s  t r a i t .  P e rc e n t  a s s i s t a n c e  a t  c a lv in g  was coded; 0 = 
no a s s i s t a n c e ,  1 = a s s i s t a n c e .  Only a small amount o f  c a lv in g
d i f f i c u l t y  was observed dur ing  th e  s tu d y ,  t h e r e f o r e  the  s imple  score  of
0 o r  1 was deemed a p p r o p r i a t e .  Cows t h a t  d id  no t  c a l v e ,  d ied  before  
c a l v i n g ,  gave b i r t h  to  tw in s ,  ab o r ted  o r  had abnormal p r e s e n t a t i o n s  
were no t  inc luded  f o r  p e r c e n t  a s s i s t a n c e .
S t a t i s t i c a l  Methods. Data were analyzed  u t i l i z i n g  a l i n e a r  f ix ed  
model (SAS, 1985).  The models used f o r  the  a n a l y s i s  o f  c a lv i n g  r a t e ,  
c a l f  s u r v i v a l ,  weaning r a t e ,  c a l f  b i r t h  d a te  and p e rc e n t  a s s i s t e d  were 
i d e n t i c a l ,  w ith  the  e x cep t io n  t h a t  sex o f  c a l f  was no t  inc luded  f o r  
c a lv in g  r a t e  and weaning r a t e :
Y1 jklm ‘  » + Pi + L' P>ij + Vr<P>ik + S1 + bl G + b2s2 + Eijklm'
Where,
X L  x  L
Yijk lm  = the  obse rva 'tl’on o f  tb e  m c a l f  o f  tbe  L sex born in the 
y e a r  o f  the  breed group o f  dam and in the  i ^  
g e n e r a t io n ,  
u = o v e r a l l  mean,
j . L
= e f f e c t  due to  the  i g e n e r a t i o n ,
L ( P ) . j j  = e f f e c t  due to  the  breed group o f  dam in the  i^*1
g e n e r a t i o n ,
Yr(P) ik  = e f f e c t  due to  the  k*"*1 y e a r  o f  b i r t h  in the  i^*1 g e n e r a t io n ,
S.] = e f f e c t  due to  the  I**1 sex o f  c a l f ,
bi and b2 = p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  o f  Y . . ^  on the  l i n e a r  and 
q u a d r a t i c  e f f e c t s  o f  age o f  dam (G),  and
+ ■  V i
^ i jk lm  = ran< o^rri e r r o r  a s s o c i a t e d  with  the  measurement on the  m
c a l f  o f  the  L^ *1 sex born in  the  K*'*1 y e a r  to  the  j*'*1 breed
4* Vi
group o f  dam and in th e  i g e n e r a t i o n ,  assumed to  be 
normally  and in d e p en d e n t ly  d i s t r i b u t e d ,  with mean o f  zero  
and v a r i a n ce  = a 2 .
All e f f e c t s  were assumed f ix e d  excep t  f o r  the  random e r r o r  term. 
Breed o f  s i r e  was p a r t i a l l y  confounded with l i n e  and comple te ly  
confounded with y e a r  w i th in  g e n e r a t io n  and t h e r e f o r e ,  could not be 
p a r t i t i o n e d  ou t  as an e f f e c t .  L eas t  squares  e s t i m a t i o n  procedures  
(SAS, 1985) were used to  c a l c u l a t e  the  l e a s t  squares  means,  s tanda rd  
e r r o r s  and s i g n i f i c a n c e  l e v e l s  f o r  each mating system ( s t r a i g h t b r e d s ,  
two- ,  t h r e e -  and f o u r - b r e e d  r o t a t i o n s )  w i th in  each g e n e r a t io n .
Leas t  squares  a n a l y s i s  o f  v a r i a n c e  p a r t i a l  sums o f  squares  and 
s i g n i f i c a n c e  l e v e l s  were c a l c u l a t e d  f o r  each r e p ro d u c t iv e  t r a i t .  
H e te r o s i s  e s t i m a te s  ( c r o s sb r e d  mean -  weighted  purebred mean) were 
c a l c u l a t e d  us ing  l e a s t  squares  e s t i m a t e  procedures  (SAS, 1985),  f o r
each breed group o f  dam w i th in  each g e n e r a t i o n .  H e te ro s i s  e s t im a te s  
f o r  CR and WR were c a l c u l a t e d  us ing  th e  breed composi t ion o f  th e  dam, 
whereas e s t i m a te s  f o r  CS, CBD and PA were c a l c u l a t e d  us ing  the  breed 
composi t ion o f  the  c a l f .
R esu l t s  and Discussion
Leas t  squares  a n a l y s i s  o f  v a r i a n ce  p a r t i a l  sums o f  squares  and 
s i g n i f i c a n c e  l e v e l s  f o r  each re p ro d u c t iv e  t r a i t  a re  p re sen ted  in Table
6.  The sources  o f  v a r i a t i o n ,  in c lu d in g  g e n e r a t io n  (G),  l i n e  (L) or  
breed group o f  dam w i th in  g e n e r a t io n  and y e a r  w i th in  g e n e r a t i o n ,  were 
im por tan t  (P<.05 o r  P<.01) f o r  a l l  r e p ro d u c t iv e  t r a i t s .  Sex o f  c a l f  
s i g n i f i c a n t l y  in f lu en c ed  CS, CBD and PA. The l i n e a r  and q u a d r a t i c  
e f f e c t s  o f  cow age were h ig h ly  s i g n i f i c a n t  f o r  a l l  r e p r o d u c t iv e  t r a i t s .  
Breed composi t ion f o r  each breed type  i s  denoted as in Table 5.
Calving R a te . The o v e r a l l  mean c a lv in g  r a t e  f o r  t h i s  s tudy was 
80.2%. Calving r a t e s  by l i n e  w i th in  g e n e r a t io n  a re  p re sen ted  in Table
7.  Among th e  s t r a i g h t b r e d s ,  B dams had s i g n i f i c a n t l y  lower ca lv ing  
r a t e s  in  a l l  fo u r  g e n e r a t i o n s .  This i s  in  agreement with o t h e r  s t u d i e s  
where CR f o r  A and H dams g e n e r a l l y  exceeded t h a t  f o r  s t r a i g h t b r e d  B 
(C a r tw r ig h t  e t  a l . ,  1964; C ro ck e t t  e t  a l . ,  1978; Franke,  1980; Long, 
1980; Comerford e t  a l . ,  1986).  However, o t h e r  s t u d i e s  i n d i c a t e d  a CR 
f o r  B s t r a i g h t b r e d s  t h a t  was equal to  o r  exceeded t h a t  o f  A, C and H 
s t r a i g h t b r e d s  (Turner e t  a l . ,  1968; Peacock and Koger, 1980).  For each 
g e n e r a t i o n ,  CR f o r  A, C and H s t r a i g h t b r e d s  was no t  s i g n i f i c a n t l y  
d i f f e r e n t .
In Gl,  CR ranged from 62.4% f o r  B s t r a i g h t b r e d s  to  91 .8  and 94.2% 
f o r  Fi HB cows in l i n e s  7 and 9,  r e s p e c t i v e l y .  Calving r a t e  f o r  each 
c ro s sb re d  combinat ion was h ig h e r  (P<.05) than t h a t  o f  any s t r a i g h t b r e d .
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TABLE 6 .  LEAST SQUARES ANALYSIS OF VARIANCE PARTIAL SUMS OF 
SQUARES FOR REPRODUCTIVE TRAITS
Sources Calving CaTF" ' Weaning J u l i a n Percen t
o f Rate Survival Rate B i r th  Date A ss is ted
V a r ia t io n df  (%)* (%)2 U ) 2 ( d a y s ) 2 (%)2
Genera t ion  (G) 
Line (G)
3 5.3** 1.0** 12.1** 15268.7** 0.5**
40 29.5** 6.3** 40.9** 111792.5** 4.5**
Year (G) 10 7.6** 1.3* 8.8** 6983.4* 3.8**
Sex o f  c a l f 1 — 0 .3* - - 6024.7** 1.0**
Cow Age 
L inear 1 14.6** 1.1** 19.5** 2188.2** 1.3**
Q uadra t ic 1 11.4** 1.0** 16.2** 2145.9** 0.5**
Residual 4245 626.9 219.2 789.4 1144552.2 119.1
R2 8 .3 4 .3 9 .2 11.5 10.6
a Line(G) = Breed type w i th in  g e n e r a t io n .  
*P<.05.
**P<.01.
Calving r a t e  in G2 v a r i e d  from 58.1% f o r  B s t r a i g h t b r e d s  to  89.5  and 
90.9% f o r  and A ^ B j cows, r e s p e c t i v e l y .  Three-breed  c rossbred
cows tended to  have a h ig h e r  CR than o t h e r  breed c r o s s e s .  Means f o r  CR 
in  G3 were h ig h e s t  f o r  Bj-H^  followed by C ^ A j Bj (90 .0  and 86.3%, 
r e s p e c t i v e l y ) ,  with B s t r a i g h t b r e d s  again  having the  lowest  CR (63.6%). 
Genera tion 4 ca lv in g  r a t e s  tended to  be c o n s i s t e n t l y  h ighe r  than in the 
o t h e r  g e n e r a t i o n s ,  with means ranging  from 69.3% to  93.1 and 93.2% f o r  
s t r a i g h t b r e d  B, BgA^C^ and B g H ^ ,  r e s p e c t i v e l y .  The h ighe r  CR f o r  
c ro s sb re d  cows i s  in genera l  agreement with d a ta  r e p o r t e d  by S c h i l l i n g  
and England (1968) and Peacock and Koger (1980) ,  where Brahman-Brit ish  
and Brahman-Charolais c r o s s e s  had h ighe r  c a lv in g  r a t e s  compared to  
B r i t i s h  x B r i t i s h  c r o s s b r e d s .  The tendency f o r  CR to  be h ig h e r  in G4 
i s  in  c o n t r a s t ,  however,  to  the  r e s u l t s  o f  a t h r e e  g e n e r a t io n  s tudy 
conducted by N e v i l l e  e t  a l . (1984) ,  where CR in G3 was lower than f o r  
the  p rev ious  two g e n e r a t i o n s .
Calving r a t e  l e a s t  squares  means f o r  mating system w i th in  
g e n e ra t io n  a re  p re sen ted  in  Table 7.  Two-, t h r e e -  and fo u r -b re ed  
r o t a t i o n  cows in G1 were a l l  B c ro s s e s  and had h ighe r  (P<.05) CR's 
than the  s t r a i g h t b r e d s .  Three -b reed  r o t a t i o n  cows had th e  h ig h e s t  
(P<.05) CR's in G2 (88.6%), whereas t h e r e  were no d i f f e r e n c e s  between 
breed c ro s se s  in G3 and G4. However, a l l  breed r o t a t i o n s  had 
s i g n i f i c a n t l y  h ig h e r  CR's than the  s t r a i g h t b r e d s  in G3, a l though only 
the  th r e e - b r e e d  r o t a t i o n  CR (90.9%) was h ig h e r  (P<.05) than f o r  the  
s t r a i g h t b r e d s  in G4. These da ta  a re  in genera l  agreement with  o th e r  
s t u d i e s  which in d i c a t e d  CR o f  c ro s sb re d  cows was g r e a t e r  than t h a t  o f  
s t r a i g h t b r e d s  (Sagebie l  e t  a l . ,  1967; C u n d i f f ,  1970; Gaines e t  a l . ,  
1978; Long, 1980; T r a i l  e t  a l . ,  1985),  bu t c o n t r a s t s  w ith  th e  r e s u l t s
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TABLE 7. LINE WITHIN GENERATION LEAST SQUARES MEANS AND HETEROSIS
ESTIMATES FOR CALVING RATE
Breed Genera tion
Combination One Two Three Four
Calving Rate {%)
A 74.7 69.8 72.4 86.1
B 62.4 58.1 63.6 69.3
C 75.7 72.9 80.3 86.0
H 72.3  a 67 .4  a 8 0 . i  a 90.7 a
Avg. 71 .3±1 .9 67 .0±1 .8 7 4 .1± 1 .8 83.0±2.7
AB 80.8 70.3 80.4 88.1
CB 87.6 79.0 77.9 87.6
HB 91 -8 u 78.7  . 90 .9  . 90 -9 ah
88.9±3.1Avg. 86 .8±2 .3 76.0±2.1 83.1±2 .0
ABC 80.7 85 .4 82 .7 93.1
ABH 94.2 90.9 81.1 93.2
BCH 85 .8  . 89.5  . 80 .6  . 86 .4  .
Avg. 8 6 . 9±2.3 88.6±2.1 8 1 .5±2.0 90.9±3.0
ABCH 8 2 .1 ± 4 .0 b 7 0 .3± 3 .7ab 86 .3 ± 3 .5 b 90 .7±5 .2ab
S . E . d 3 .8 3.7 3 .5 5.3
H e te ro s i s  (%)
AB 12.3** 3.4 13.5** 7.2
CB 18.6** 9.9* 8 .0 6 .8
HB 24.5** 13.6** 21.1** 6.9
ABC 12.2** 17.0** 9.4* 16.4**
ABH 26.9** 24.6** 5.0 15.2*
BCH 18.4** 21.7** 2.5 8 .4
ABCH 13.6** 4 .6 9.1* 13.6*
S . E . d 4 .6 4 .5 4 .3 6 .4
.Means w i th in  a column with  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  (P< .05) .  
S.E. = Average s tanda rd  e r r o r s  f o r  breed type  w i th in  g e n e r a t i o n .  
*P<.05.
**P<.01.
o f  G o t t i  e t  a l . (1985) ,  where CR f o r  c ro s sb re d  cows was 8.2% below th e  
average  f o r  s t r a i g h t b r e d s  (Angus, Gelbvieh and Santa G e r t r u d i s ) .
H e te r o s i s  e s t i m a te s  f o r  CR were c a l c u l a t e d  us ing  th e  breed 
composi t ion o f  the  cow, s in c e  i t  was assumed t h a t  the  cow's genotype 
e x e r t e d  the  most i n f l u e n c e  on t h i s  t r a i t .  Table 7 p r e s e n t s  h e t e r o s i s  
e s t i m a t e s  f o r  each l i n e  w i th in  each g e n e r a t i o n .  In Gl,  a l l  breed 
c ro s se s  e x h i b i t e d  l a r g e  and p o s i t i v e  (P<.01) h e t e r o s i s  f o r  CR.
Es t im a tes  ranged from 24.5  and 26.9% f o r  the  Fj HB cows (from the  HB 
and ABH g roups ,  r e s p e c t i v e l y )  to  12.3% and 12.2% f o r  AB cows (from 
the  AB and ABC, g roups ,  r e s p e c t i v e l y ) .  H e te r o s i s  e s t i m a t e s  f o r  G2 were 
s i g n i f i c a n t  with  th e  excep t io n  o f  AgBj and H ^ B j  (from th e  ABCH 
g roup) .  H e te r o s i s  f o r  A ^ B j  and CgHjB^ was 24.6  and 21.7%, 
r e s p e c t i v e l y ,  compared to  3.4% f o r  A^B^. Genera t ion  3 e s t i m a te s  were 
s i g n i f i c a n t  f o r  fo u r  o f  t h e  breed com bina t ions ,  rang ing  from 21.1% f o r  
B ^ H g  to  9.1% f o r  C ^ H 2 A j B ^  c o w s .  The B^A^ and A ^ C 2 B j  were in te rm e d ia te  
a t  13.5 and 9.4%, r e s p e c t i v e l y .  S i g n i f i c a n t  h e t e r o s i s  e s t i m a te s  f o r  G4 
were 16.4% f o r  BgA^C2 , 15.2% f o r  BgH,-A2 and 13.6% f o r  B g C ^ H ^  cows.
The range o f  h e t e r o s i s  e s t i m a t e s  i s  in  genera l  agreement with  those  
found in  the  l i t e r a t u r e  f o r  Brahman-Br i t i sh  c ro s s e s  ( S c h i l l i n g  and 
England, 1968; Turner  e t  a l . ,  1968; Franke,  1980).  However, o th e r  
s t u d i e s  found h e t e r o s i s  e s t i m a t e s  f o r  CR to  be e i t h e r  n o n s i g n i f i c a n t  or 
v a r i a b l e  (Long, 1980; Peacock and Koger, 1980; N e v i l l e  e t  a l . ,  1984). 
The d e c rea se  and l e v e l i n g  o u t  o f  h e t e r o s i s  from Gl to  G4 i s  in  genera l  
agreement w i th  e x p e c t a t i o n s  based on breed h e t e r o z y g o s i ty  f o r  
s u c c e s s iv e  g e n e r a t io n s  (D ickerson ,  1969).  H e te r o s i s  l e v e l s  tended to  
be h ig h e r  f o r  two-breed c ro s s e s  in G3 and f o r  t h r e e -  and f o u r -b re ed  
c ro s s e s  in G4.
Calving r a t e  tended  to  in c r e a s e  over g e n e r a t i o n s ,  with the  
s t r a i g h t b r e d  means (exc lud ing  B) approaching those  o f  the  c r o s s b r e d s .  
S im i la r  r e s u l t s  were noted by C ro ck e t t  e t  a l . (1978) f o r  t h r e e  
g e n e r a t io n s  o f  r o t a t i o n a l  c ro s s b r e e d in g .  The high h e t e r o s i s  e s t i m a te s  
in Gl a re  p robab ly  due to  the  Fj dams composed o f  50% B and being 100%
heterozygous .  Calving r a t e s  and CR h e t e r o s i s  e s t i m a te s  tended to  be
h ig h e r  when dams were composed o f  a high percen tage  o f  B (>50%). The 
two-breed c r o s s e s  in G3 and t h r e e -  and fo u r -b re ed  c ro s se s  in G4 were 
B - s i r e d  c ro s sb re d  cows. These r e s u l t s  sugges t  t h a t  dams composed o f  a 
high pe rcen tage  o f  B had an advantage over  o t h e r  breed c ro s se s  f o r  CR. 
This could  be p a r t i a l l y  due to  th e  poor performance o f  the  s t r a i g h t b r e d  
B and to  th e  a b i l i t y  o f  th e  h ighe r  pe rcen tage  B c ro s sb re d  females to 
w i th s ta n d  the  s t r e s s  o f  th e  Gulf Coast  environment.
C a l f  S u r v i v a l . C a l f  s u rv iv a l  dur ing  t h i s  s tudy averaged 92.7%. 
Cal f  s u rv iv a l  in  G2 and G3 was lower (P<.05) than in Gl and G4 (90 .8  
and 90 .7  v s .  94.8% and 93.7%, r e s p e c t i v e l y ) .  Two c o n t r i b u t i n g  f a c t o r s  
were an ou tb reak  o f  B r u c e l l o s i s  in  G2, c o n t r i b u t i n g  to  an above normal 
p e rcen tage  o f  s t i l l b i r t h s ,  and seve re  w in t e r  weather  (wet and co ld )  in 
G3 caus ing  newborn c a lv e s  to  d ie  o f  hypothermia and drowning. In o th e r  
s t u d i e s  conducted in th e  Gulf Coast  r e g io n ,  s t i l l b i r t h s  and drownings 
were found to  account  f o r  a high pe rcen tage  o f  c a l f  lo s s e s  (DeRouen e t
a l . ,  1967; Turner  e t  a l . ,  1968).
Female c a lv e s  had h ig h e r  (P<.05) s u rv iv a l  r a t e s  to  weaning than 
did  male c a lv e s  (93 .4  v s .  91.6%). Comerford e t  a l .  (1987) found t h a t  
h e i f e r  c a lv e s  had a 13% g r e a t e r  24-hour s u rv iv a l  than d id  male c a l v e s ,  
and Gregory e t  a l . (1978) r e p o r t e d  a 3.2% advantage  f o r  females in t h i s  
t ime p e r io d .  However, when s u rv iv a l  from b i r t h  to  weaning was
c o n s id e re d ,  Reynolds e t  a l .  (1980) found c o n t r a s t i n g  r e s u l t s ,  w ith  male 
c a lv e s  having a 4.4% h ig h e r  ( P<.01) s u rv iv a l  r a t e .
C a l f  s u rv iv a l  l e a s t  squares  means f o r  l i n e  w i th in  g e n e ra t io n  a re
p re sen te d  in Table 8.  C a l f  s u rv iv a l  in Gl v a r i e d  from 87.2% f o r
s t r a i g h t b r e d  H to  99.1% f o r  H^Bj c a l v e s ,  r e s p e c t i v e l y .  There were no 
s i g n i f i c a n t  d i f f e r e n c e s  between s u rv iv a l  o f  s t r a i g h t b r e d  and c rossb red  
c a l v e s ,  w i th  the  excep t ion  o f  th e  H s t r a i g h t b r e d  ca lv e s  having lower 
(P<.05) s u rv iv a l  r a t e s  than a l l  bu t the  c a l v e s .  For G2, B
s t r a i g h t b r e d s  (79.5%) had a lower ( P<.01) s u rv iv a l  r a t e  than o th e r  
breed ty p e s .  Surv iva l  was h ig h e s t  f o r  the  A, AgC2Bl and H5C2B1 ca1ves 
a t  9 4 .7 ,  9 6 .3 ,  and 96.5%, r e s p e c t i v e l y .  Brahman s t r a i g h t b r e d s  had the  
lowest  ( P<.01) c a l f  s u r v iv a l  in G3. No o t h e r  s i g n i f i c a n t  d i f f e r e n c e s  
between breed types  were observed .  Survival  was h i g h e s t ,  in the  H^Bg 
and BgC5H2 c ro s sb re d  c a l f  groups (94 .7  and 94.6%, r e s p e c t i v e l y ) .  In
G4, B s t r a i g h t b r e d  c a l f  s u rv iv a l  was 92.6% and was not s i g n i f i c a n t l y
d i f f e r e n t  from any o t h e r  breed ty p e .  Surv iva l  in G4 ranged from 88.9% 
f o r  C s t r a i g h t b r e d s  to  100.0% f o r  A ^ B gC^H2 . The low s u rv iv a l  o f  B 
c a lv e s  in G2 and G3 i s  in genera l  agreement with  s u rv iv a l  r e p o r te d  in 
th e  l i t e r a t u r e .  DeRouen e t  a l .  (1967) r e p o r t e d  a m o r t a l i t y  r a t e  o f  19% 
f o r  B s t r a i g h t b r e d s  compared to  5 and 6% f o r  Angus and Brangus,  
r e s p e c t i v e l y .  S im i la r  f i n d i n g s  f o r  s t r a i g h t b r e d  B have a l s o  been 
r e p o r te d  by Reynolds e t  a l .  (1965) ,  Koger e t  a l . (1967) ,  Cundiff  (1970) 
and Reynolds e t  a l .  (1980) .  G o t t i  e t  a l . (1985) noted t h a t  
s t r a i g h t b r e d  Santa G e r t r u d i s  c a lv e s  showed s i g n i f i c a n t l y  l e s s  v i a b i l i t y  
a t  b i r t h  than o t h e r  mating ty p e s .  C al f  s u rv iv a l  f o r  s t r a i g h t b r e d  B in 
Gl and G4, however,  was high and compared fa v o ra b ly  to  o t h e r  breed 
ty p e s .  Wythe and C ar tw r igh t  (1970) r e p o r t e d  a s u rv iv a l  r a t e  o f  91.6%
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TABLE 8. LINE WITHIN GENERATION LEAST SQUARES MEANS AND HETEROSIS
ESTIMATES FOR CALF SURVIVAL
Breed Genera tion
Combination One Two Three Four
C al f  Survival  (%)
J 92 .4 94.7 94.4 94.2
B 93.4 79.5 73.4 92.6
C 93.9 90.0 88.7 88.9
H 87 .2 87 .8 92.1 a 89.6
Avg. 9 1 . 7±1.5 8 8 .2± 1 .5 8 7 . 2±1.4 9 1 .4±2. 0a
AB 97.6 92.9 92.9 96.1
CB 95.1 86.7 91.6 93.8
HB 9 9 . 1 . 90.9  ah 
9 0 . 1±1.7
94.7 h 89.5 2abAvg. 96.0±1.6 93.1±1.5 93.2±2.
ABC 91.1 96.3 92.8 90.9
ABH 98.2 90.0 89.9 98.5
BCH 98.6  . 96.5 . 9 4 -6 ah
9 2 .4±1 .5
96.2 ^abAvg. 96 .0±1 .6 94 .3±1 .5 95.2+2.
ABCH 95 .5 ± 2 .8 ab 9 2 .8± 2 .9ab 92 .4±2 .6ab 100±3. 7b
S . E . C 2 .8 2 .8 2.7 3 .8
H e te ro s i s  {%)
AB 5.0 7.7* 5 .0 2.9
CB 1.3 2.9 7.7* 2.5
HB 10.4** 8.3* 8.4** -2 .1
ABC -2 .3 4 .4 10.9** 0 .0
ABH 6.9* 1.5 8.1* 5.5
BCH 6.5* 9.2** 13.4** 6.1
ABCH 5.5 4.1 11.5** 8 .0
S .E .C 3 .3 3 .4 3 .3 4.7
Means w i th in  a column w ith  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  ( P<.0 5 ) .  
CS.E. = Average s tan d a rd  e r r o r s  f o r  breed type w i th in  g e n e r a t i o n .  
*P<.05.
**P<.01.
f o r  c a lv e s  in a herd o f  Bos in d icu s  c a t t l e .  Franke (1980) ,  in  a review 
o f  the  American Zebu c a t t l e ,  r e p o r te d  c a l f  s u rv iv a l  f o r  Brahman and 
Brahman-cross ca lv e s  rang ing  from 75.9  to  96.0%.
Table 8 p r e s e n t s  the  l e a s t  squares  means f o r  c a l f  su rv iv a l  f o r  
mating type w i th in  g e n e r a t i o n .  Two- and th r e e - b r e e d  r o t a t i o n a l  
c ro s sb re d  ca lv e s  had h ig h e r  (P<.05) s u rv iv a l  r a t e s  than s t r a i g h t b r e d s  
in Gl and G3. In G2, the  t h r e e - b r e e d  c ro ss  c a lves  had the  h ig h e r  c a l f  
s u r v iv a l  (94.3%) whereas the  fo u r -b re e d  c ro ss  ca lv e s  in G4 had 100% 
s u r v i v a l .  Severa l  s t u d i e s  have r e p o r t e d  s i m i l a r  r e s u l t s ,  with su rv iv a l  
being g r e a t e r  in  c r o s sb re d s  (Koger e t  a l . ,  1967; C und i f f ,  1970; Gott i  
e t  a l . ,  1985).  However, t h e r e  was no d i f f e r e n c e  ( P>.05) among the  
r o t a t i o n a l  g roups .  This  i s  in  genera l  agreement with  Frahm and 
Marshall  (1985) and Reynolds e t  a l . (1986) ,  where no s i g n i f i c a n t  
d i f f e r e n c e s  were noted between c ro s sb re d  cow groups.
H e te ro s i s  e s t i m a te s  f o r  CS f o r  breed combinat ion w i th in  g e n e ra t io n  
a re  p re sen te d  in Table 8. In Gl,  h e t e r o s i s  f o r  CS tended to  be small 
and n o n s i g n i f i c a n t ,  w ith  on ly  the  HgBj, A£HjBj and C2 H^B1 ca lves  
e x p re s s in g  s i g n i f i c a n t  h e t e r o s i s  l e v e l s  ( 1 0 .4 ,  6 .9  and 6.5%, 
r e s p e c t i v e l y ) .  A s i m i l a r  s i t u a t i o n  e x i s t e d  in G2, with only  the  B^A^ 
(7 .7%), BgHg (8.3%) and H ^ B ^  (9.2%) having s i g n i f i c a n t  h e t e r o s i s .
All h e t e r o s i s  e s t i m a te s  in G4 were small and n o n s i g n i f i c a n t .  These 
r e s u l t s  a re  s i m i l a r  t o  t h o s e  found in  o t h e r  s t u d i e s ,  where CS h e t e r o s i s  
e s t i m a t e s  were no t  s i g n i f i c a n t  and o c c a s i o n a l l y  n e g a t iv e  (Turner and 
F a r th i n g ,  1967; Peacock e t  a l . ,  1977; B a i ly  and Moore, 1980; Peacock 
and Koger, 1980; Got t i  e t  a l . ,  1985).
However, h e t e r o s i s  e s t i m a t e s  f o r  G3 were p o s i t i v e  and la rg e  
(P<.05) f o r  a l l  breed  com bina t ions ,  excep t  A^Bg (5.0%). H e te r o s i s  fo r
CS in t h i s  g e n e r a t io n  ranged as high as 11.5 and 13.4% f o r  B g C ^ H ^  and 
r e s Pe c t i v e l y -  These high e s t i m a te s  were p a r t i a l l y  due to  the  
low s u rv iv a l  r a t e  o f  Brahman s t r a i g h t b r e d  c a lv e s  and a re  s i m i l a r  to  
those  r e p o r t e d  by Reynolds e t  a l .  (1980) .  Other s t u d i e s  r e p o r t e d  
h e t e r o s i s  e s t i m a te s  rang ing  from 3 .0  to  15.0% (C u n d i f f ,  1970; Smith e t  
a l . ,  1976; S pe lb r ing  e t  a l . ,  1977; Franke,  1980; T r a i l  e t  a l . ,  1982; 
Gregory e t  a l . ,  1985).
In summary, the  r o t a t i o n a l  c ro s sb re d  groups tended to  have g r e a t e r  
CS than the  s t r a i g h t b r e d s . Severa l  s t u d i e s  have i n d i c a t e d  t h a t  ca lves  
s i r e d  by Brahman and C h a r o la i s  b u l l s  had lower s u rv iv a l  r a t e s  than 
those  s i r e d  by B r i t i s h  b u l l s  ( L a s t e r  and Gregory,  1973; Smith e t  a l . ,  
1976; McElhenney e t  a l . ,  1986; Peacock and Koger, 1980; Peacock e t  a l . ,  
1977).  However, no te n d e n c ie s  f o r  t h i s  were noted in t h i s  s tudy .  
H e te r o s i s  e s t i m a te s  in  Gl,  G2 and G4 were g e n e r a l l y  small and 
n o n s i g n i f i c a n t ,  i n d i c a t i n g  s i m i l a r  performance between s t r a i g h t b r e d  and 
c ro s sb re d  groups f o r  CS. However, G3 h e t e r o s i s  l e v e l s  were p o s i t i v e  
and l a r g e  ( P<. 0 5 ) ,  and were p a r t l y  due to  th e  low performance o f  B 
s t r a i g h t b r e d  c a l v e s .
Weaning R a t e . Weaning r a t e  can be d e sc r ib e d  as th e  p roduc t  of  
c a lv in g  r a t e  and c a l f  s u r v i v a l .  The mean WR f o r  t h i s  s tudy  was 73.5%. 
Line w i th in  g e n e r a t i o n  l e a s t  squares  means f o r  WR a re  p re sen te d  in 
Table  9.  In each g e n e r a t i o n ,  WR f o r  B s t r a i g h t b r e d s  was s i g n i f i c a n t l y  
lower than  most o t h e r  b reed  ty p e s .  Weaning r a t e  f o r  s t r a i g h t b r e d  B 
cows ranged from 45.5% in 62 to  64.4% in G4. This ag rees  with o th e r  
s t u d i e s  where WR f o r  s t r a i g h t b r e d  B dams was lower than those  r e p o r t e d  
f o r  o t h e r  breeds  and c r o s s e s ,  ranging  from 56.3  t o  79.5% (C ro ck e t t  e t  
a l . ,  1978; Franke ,  1980; Comerford e t  a l . ,  1987) .  N e v i l l e  e t  a l .
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TABLE 9. LINE WITHIN GENERATION LEAST SQUARES MEANS AND HETEROSIS
ESTIMATES FOR WEANING RATE
Breed Genera tion
Combination One Two Three Four
Weaning Rate (%)
A 69.4 63.1 67.3 80.8
B 58.7 45.5 45.9 64.4
C 71.7 64.1 67.8 76.4
H 6 3 .2 58.2 a 72.0 a 79.3
Avg. 6 4 . 8 ± 2 . 1 55.9±2.0 62.6±2 .0 75.3±3.0
AB 79.6 62.5 73.6 84.3
CB 83.2 66.5 70.5 77.0
HB 91.2  . 71 -2 b 86. i  . 81 •3 a , 
80 .4±3.4Avg. 84 .4±2 .5 65.4±2.4 75.2±2.3
ABC 73.5 80 .5 75.0 84.3
ABH 92.7 79.9 71.2 93.4
BCH 85.2  . 84.5 75.2 . 8 ! . 3  .
Avg. 83 .8±2 .5 79.6±2.3 72.4±2.2 86.3±3.3
ABCH 7 8 .8 ± 4 .4 b 6 4 .0± 4 .1b 77 .3±3 .9b 87 .5 ± 5 .7 b
S . E . d 4 .2 4 .0 3.9 5.8
H e te r o s i s  (%)
AB 15.6** 3 .8 19.7** 8.6
CB 18.3** 7.1 16.4** 4 .4
HB 30.3** 16.2** 30.4** 6.6
ABC 9.5* 21.3** 10.2* 13.2
ABH 31.8** 22.4** 3.6 22.3**
BCH 24.2** 26.5** 7 .4 10.7
ABCH 14.9** 7.7 11.4** 17.1*
S . E . d 5 .0 4 .9 4 .7 7 .0
a b jMeans w i th in  a column w ith  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  (P< .05) .  
S.E. = Average s t an d a rd  e r r o r s  f o r  breed type  w i th in  g e n e r a t io n .  
*P<.05 
**P<.01.
(1984) ,  in  a s tudy  inv o lv in g  Angus, Po l led  Hereford and Santa  G e r t ru d is  
r o t a t i o n a l  c r o s s e s ,  found s t r a i g h t b r e d  Santa  G e r t ru d i s  to  have the  
lowest  WR. However, Peacock e t  a l .  (1977) found WR f o r  B cows to  be 
76.5% compared to  69 .8  and 75.9% f o r  Angus and C haro la i s  cows, 
r e s p e c t i v e l y .  Cundiff  (1970) and Reynolds e t  a l . (1986) noted t h a t  
s t r a i g h t b r e d  C dams had s i g n i f i c a n t l y  lower WR than s t r a i g h t b r e d  A and 
H dams. This was not th e  case  in t h i s  s tu d y ,  as C dams d id  no t  d i f f e r  
(P>.05) from s t r a i g h t b r e d  A o r  H in any g e n e r a t i o n .  Weaning r a t e s  f o r  
th e  c ro s sb re d  combinations  tended to  be h ig h e r  than f o r  the  
s t r a i g h t b r e d s  in  each g e n e r a t i o n .  This i s  in genera l  agreement with 
r e s u l t s  r e p o r te d  by Peacock and Koger (1980) and Nelson e t  a l . (1982) .  
Weaning r a t e s  were h i g h e s t  f o r  H ^  (from the  ABH combination) (92.7%), 
C2H1B1 (84.5%), B5H3 (86.1%) and BgH5A2 (93.4%) cows in  Gl,  G2, G3 and 
G4, r e s p e c t i v e l y .
Table 9 p r e s e n t s  the  l e a s t  squares  means f o r  WR f o r  mating system 
w i th in  g e n e r a t i o n .  In a l l  fo u r  g e n e r a t i o n s ,  th e  s t r a i g h t b r e d  mean WR 
was lower (P<.05) than t h a t  f o r  the  breed r o t a t i o n s ,  w ith  the  excep t ion  
o f  the  two-breed r o t a t i o n  in G4. In Gl,  G3 and G4, t h e r e  were no 
s i g n i f i c a n t  d i f f e r e n c e s  among th e  breed r o t a t i o n s .  However, in G2, the  
t h r e e - b r e e d  r o t a t i o n a l  c ro s sb re d  cows had a h ig h e r  (P<.01) WR than the  
two- and fo u r -b re e d  r o t a t i o n a l  c ro s sb re d s  (79 .6  vs .  65 .4  and 64.0%, 
r e s p e c t i v e l y ) .  Several  s t u d i e s  have in d i c a t e d  t h a t  c ro s sb re d  dams have 
h ig h e r  WR than s t r a i g h t b r e d  dams. Cund if f  e t  a l .  (1974) r e p o r t e d  a 
6.4% advantage  in WR f o r  c ro s sb re d  dams. In a s tudy  by Peacock and 
Koger (1980) ,  AB, AC and BC dams had an 82% average  WR compared to  
75% f o r  the  r e s p e c t i v e  p u reb red s .
H e te ro s i s  e s t i m a te s  were c a l c u l a t e d  f o r  each breed combinat ion 
w i th in  g e n e r a t io n  (Table 9 ) .  H e te r o s i s  in Gl was s i g n i f i c a n t  f o r  a l l  
breed com bina t ions ,  ranging  from 9.5% f o r  AB (from the  ABC 
combination) to  31.8% f o r  HB (from the  ABH com bina t ion ) ,
r e s p e c t i v e l y .  Es t im a tes  f o r  G2 WR h e t e r o s i s  were high ( P<.01) f o r
H3B1 ’ C2A1B1 ’ A2Hl Bl  and C2 Hi Bi  ( 16 -2,  2 1 .3 ,  22 .4  and 25.5%, 
r e s p e c t i v e l y ) .  In G3, s i g n i f i c a n t  h e t e r o s i s  e s t i m a te s  ranged from 10.2
to  30.4% f o r  A ^ B ^  and B^H^ cows, r e s p e c t i v e l y .  F i n a l l y ,  in G4, only
th e  BgH5A2 (22.3%) and B g C ^ A j  (17.1%) cows expressed  s i g n i f i c a n t
l e v e l s  o f  h e t e r o s i s .  H e te r o s i s  e s t i m a te s  r e p o r t e d  in th e  l i t e r a t u r e
f o r  WR invo lv ing  B and B-der ived  breeds  have been v a r i a b l e ,  ranging
from -6 .4  to  21.1% f o r  Brahman-Br i t i sh  c ro s sb re d  cows (C u n d i f f ,  1970;
Franke , 1980; N e v i l l e  e t  a l . ,  1984).  Weaning r a t e  h e t e r o s i s  e s t i m a te s
in  t h i s  s tudy tended  to  be h ig h e r  than those  r e p o r t e d  in  the
1i t e r a t u r e .
Over a l l  g e n e r a t i o n s ,  WR f o r  B s t r a i g h t b r e d s  was poor .  This  can 
be a t t r i b u t e d  to  th e  low c a lv in g  r a t e  and c a l f  s u rv iv a l  o f  the  B 
s t r a i g h t b r e d .  Weaning r a t e s  f o r  each c ro s sb re d  group tended to  be 
h ig h e r  than th e  s t r a i g h t b r e d s .  In a comparison o f  a l l  mating systems, 
WR was h ig h e s t  f o r  the  t h r e e - b r e e d  r o t a t i o n a l  group. H e te r o s i s  l e v e l s  
were g r e a t e s t  in  Gl.  All dams in  t h i s  g e n e r a t io n  were F^ B c ro s se s  and 
t h e r e f o r e  had 100% breed h e t e r o z y g o s i t y  (Table  10) .  H e te r o s i s  l e v e l s  
tended to  be h ig h e r  when c ro s sb re d  dams were composed o f  a high 
pe rcen tage  (_> 50%) o f  B. This was th e  case  f o r  a l l  breed combinations  
in  Gl,  th e  two-breed r o t a t i o n  in  G3 and the  t h re e -a n d  fo u r -b re e d  
r o t a t i o n s  in G4. The lower WR o f  th e  B s t r a i g h t b r e d s  and b e t t e r  
a d a p t a b i l i t y  o f  B c ro s sb re d  females could  have in f lu en c ed  t h i s  r e s u l t .
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TABLE 10. PERCENT HETEROZYGOSITY OF DAM AND CALF FOR 2 - ,  3- and 4-
BREED COMBINATIONS BY GENERATION
Breed Genera t ion
Combination One Two Three Four
2-Breed
Dam 100 50 75 62.5
C a l f 50 75 62.5 68.75
3-Breed
Dam 100 100 75 87.5
C a l f 100 75 87 .5 87.5
4-Breed
Dam 100 100 100 87.5
C a l f 100 100 87 .5 93.75
AVG. 91.67 83.33 81.28 81.25
C al f  B i r th  D a te . C a l f  b i r t h  d a te  has a l a r g e  in f lu e n c e  on 
r e p r o d u c t io n ,  in t h a t  dams ca lv in g  l a t e r  in the  y e a r  a re  l e s s  l i k e l y  to 
r e -b re e d  and produce a c a l f  the  fo l lowing  y e a r .  The o v e r a l l  mean CBD 
was 50.2 days.  Line o r  dam breed w i th in  g e n e r a t io n  and sex o f  c a l f  
a long with the  l i n e a r  and q u a d r a t i c  e f f e c t s  o f  cow age were s i g n i f i c a n t  
sources  o f  v a r i a t i o n .  This ag rees  with r e s u l t s  p re sen ted  by Reynolds 
e t  a l .  (1980) and McElhenney e t  a l . (1986) .  However, Got t i  e t  a l . 
(1985) found t h a t  age o f  dam and sex o f  c a l f  d id  not i n f lu e n c e  (P>.05) 
c a l f  b i r t h  d a t e .
Female c a lv e s  were born e a r l i e r  ( P<.01) than male ca lv e s  (49 .4  vs .  
52.1 days ,  r e s p e c t i v e l y ) .  This sugges ts  a longe r  g e s t a t i o n  leng th  f o r  
male c a l v e s .  Severa l  s t u d i e s  r e p o r t e d  t h a t  g e s t a t i o n  len g th  f o r  male 
c a lv e s  ranged from 0 .6  to  2 .1  days longe r  than female c a lv e s  (Sagebie l  
e t  a l . ,  1967; Bellows e t  a l . ,  1971; Smith e t  a l . ,  1976; Gregory e t  a l . ,  
1978a; Reynolds e t  a l . ,  1980; Williamson and Humes, 1985).
C al f  b i r t h  d a te  l e a s t  squares  means f o r  l i n e  w i th in  g e n e r a t io n  a re  
p re sen ted  in  Table 11. Brahman s t r a i g h t b r e d s  were born l a t e r  (P<.01) 
than a l l  o t h e r  breed  types  in each g e n e r a t i o n ,  with  CBD ranging  from 
62.9  days in  G3 to  68 .9  days in G4. This i s  c o n s i s t e n t  w i th  r e s u l t s  by 
Reynolds e t  a l . ,  (1980) ,  where B c a lv e s  were born 33 days l a t e r  than A 
c a l v e s .  Got t i  e t  a l .  (1985) noted t h a t  CBD f o r  A c a lv e s  averaged 35.1 
days whi le  Santa  G e r t ru d i s  were born c o n s id e ra b ly  l a t e r  a t  50 .4  days.
In Gl,  a l l  c ro s sb re d  c a lv e s  were born e a r l i e r  (P<.05) than  B and H 
s t r a i g h t b r e d s  but not A and C s t r a i g h t b r e d s .  The CgAjB^, AgH^Bj and 
C£Hj B^  c a lv e s  had th e  e a r l i e s t  CBD a t  4 2 .1 ,  42 .4  and 43 .5  days ,  
r e s p e c t i v e l y .  C a l f  b i r t h  d a te  in G2 ranged from 63 .6  days f o r  
s t r a i g h t b r e d  B to  42.2  days f o r  HgCgB^. The B^Ag (55 .0  d a y s ) ,  B^Cg
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TABLE 11., LINE WITHIN GENERATION LEAST SQUARES MEANS AND 
HETEROSIS ESTIMATES FOR CALF BIRTH DATE
Breed Genera t ion
Combination One Two Three Four
C al f  B i r th  Date(d)
A 45.2 43.9 43.1 50.7
B 63.8 63 .6 62.9 68.9
C 47.9 46.5 49 .4 51.6
H 51.3 44 .8 49 .7 48.0
Avg. 5 2 . 0±1. l a 4 9 . 7 ± l . l a 5 1 . 3 ± l . l a 54 .8±1 .5a
AB 44.9 55.0 49.5 53.3
CB 46 .0 57.9 55.7 56.7
HB 44.4 57.0 48.3 55.8
Avg. 4 5 .1 ± 1 .2 b 5 6 . 6±1. 2b 5 1 . 2±1. l a 55 .3±1 .6a
ABC 42.1 44.9 55.0 49.0
ABH 42.4 46.0 54.2 44.7
BCH 43.5 42.2 55.1 46.6
Avg. 4 2 .7 ± 1 .2 b 4 4 .3 ± 1 .1 C 5 8 .9± 1 .9C 46 .8 ± 1 .5 b
ABCH 4 6 .1 ± 2 .0 b 4 9 .3 ± 2 .1 a 58 .9±1 .9C 55 .3±2 .7a
S . E . d 2 .0 2 .1 1.9 2 .8
H e te r o s i s ( d )
AB -5 .0 * 1.2 0 .2 -9 .3 *
CB -5 .8** 0 .6 2 .1 -6 .2
HB -10.0** 0 .4 -5 .5 * -5 .9
ABC -9 .1** - 2 .2 -0 .1 -7 .3 *
ABH -9 .0** -0 .9 -2 .1 -10.7**
BCH -9 .2 * * -5 .4 * - 2 .0 -9 .3**
ABCH -6 .8** 1 .3 2 .2 -0 .5
S . E . d 2 .4 2 .5 2 .4 3 .4
a b jMeans w i th in  a column w i th  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  (P< .05) .  
S.E.  = Average s t a n d a rd  e r r o r s  f o r  breed  type  w i th in  g e n e r a t i o n .  
*P<.05.
**P<.01.
(57 .9  days) and B,-H3 (5 7 .0  days)  c a lv e s  were born l a t e r  (P<.05) than 
a l l  o t h e r  breed types  e x ce p t  s t r a i g h t b r e d  B. For G3, s t r a i g h t b r e d  A 
(43 .1  days) were born e a r l i e r  (P<.01) than a l l  o t h e r  breed ty p e s .
Three-  and f o u r -b re ed  c r o s sb re d  c a lv e s  had l a t e r  CBD than a l l  breed
types  excep t  s t r a i g h t b r e d  B and CjjBg. In G4, the  C^BgAg (49 .0  d a y s ) ,  
A18B9H5 (44.7 days)  and CjgBgH^ (46 .6  days) c a lv e s  were born e a r l i e r  
(P<.05) than a l l  two- and f o u r - b r e e d  c ro s sb re d  c a l v e s ,  but not
s t r a i g h t b r e d  A, C and H. There was a tendency f o r  A s t r a i g h t b r e d s  to
be born e a r l i e r  in each g e n e r a t i o n .  This i s  c o n s i s t e n t  with o th e r  
r e s u l t s  (Reynolds e t  a l . ,  1980; Got t i  e t  a l . ,  1985; Long and Gregory,  
1974).
C a l f  b i r t h  d a te  l e a s t  squares  means f o r  mating system w i th in  
g e n e r a t io n  a re  p re sen te d  in  Table  11. Two-, t h r e e -  and fo u r -b re ed  
r o t a t i o n a l  c ro s sb re d  c a lv e s  were born e a r l i e r  (P<.01) than 
s t r a i g h t b r e d s  in Gl ( 4 5 .1 ,  42 .7  and 46.1  vs .  52 .0  days ,  r e s p e c t i v e l y ) .  
There were no s i g n i f i c a n t  d i f f e r e n c e s  among th e  c ro s sb re d  mating ty p e s .  
In G2 and G4, t h r e e - b r e e d  r o t a t i o n a l  c a lv e s  had e a r l i e r  (P<.05) CBD 
than o t h e r  mating types  a t  44 .3  and 46 .8  days ,  r e s p e c t i v e l y .  However, 
in  G3 th e  two-breed r o t a t i o n  and s t r a i g h t b r e d  c a lv e s  were born the  
e a r l i e s t  (P < .05) .  The s t r a i g h t b r e d  means in each g e n e r a t io n  were 
g r e a t l y  in c re a s e d  due to  th e  i n f l u e n c e  o f  the  B s t r a i g h t b r e d s .  I t  was 
a l s o  noted t h a t  two-breed r o t a t i o n  c a lv e s  in G2 and G4 and t h r e e -  and 
f o u r -b re ed  c a lv e s  in G3 had l a t e r  CBD's. These were a l l  B -s i r ed  
c a l v e s .  Reynolds e t  a l . (1980) r e p o r t e d  t h a t  c a lv e s  s i r e d  by A b u l l s  
were born 22 days e a r l i e r  than th o se  s i r e d  by B b u l l s .  One e x p lan a t io n  
f o r  l a t e r  b i r t h d a t e s  in  B and B- s i r e d  c a lv e s  may be due to  the  B s i r e s  
no t  working th e  cows e a r l y  in  th e  b reed ing  sea so n ,  due to  th e  c o ld e r
t em pera tu re  e a r l y  in th e  season ,  as do B r i t i s h  b u l l s .  This was 
observed and re p o r te d  by Chapman and England (1965) and Reynolds e t  a l . 
(1980) .  A second e x p la n a t io n  may be th e  longe r  g e s t a t i o n  len g th s  o f  
s t r a i g h t b r e d  B and B -s i r e d  c ro s sb re d  c a l v e s .  Reynolds e t  a l . (1965) 
found g e s t a t i o n  leng ths  o f  291 days f o r  B compared to  280 days f o r  A, 
and r e p o r t e d  B x A g e s t a t i o n  l e n g th s  were 8 .0  days longe r  than f o r  A x 
B. Franke (1980) r e p o r t e d  an average  g e s t a t i o n  leng th  o f  292.8 days 
f o r  B c a t t l e ,  while  Reynolds e t  a l . (1980) noted t h a t  A x B and B x A 
averaged 284.0 and 286.6 days ,  r e s p e c t i v e l y .  T h i r d ly ,  P la s se  e t  a l .  
(1968) noted t h a t  some B h e i f e r s  go in to  a pe r iod  o f  a n e s t r u s  during 
the  w in t e r  months.  This  may have in f lu e n c e d  the  d a te  o f  b reed ing  in  
the  B -s i re d  dams, p a r t i c u l a r l y  th e  s t r a i g h t b r e d  B fem ales ,  lead ing  to  
l a t e r  subsequent  b i r t h  d a te s  o f  the  r e s p e c t i v e  c a l v e s .
H e te r o s i s  f o r  CBD tended to  be small  and n o n s i g n i f i c a n t  excep t  fo r  
Gl (Table  1 1 ) .  E s t im a tes  in  Gl were l a r g e  and s i g n i f i c a n t  f o r  each 
breed combina t ion ,  rang ing  from - 5 . 0  days f o r  AgB^ to  -1 0 .0  days f o r  
HgB^ c a l v e s .  In G2 and G3, h e t e r o s i s  was n e g l i g i b l e ,  with s i g n i f i c a n t  
e s t i m a t e s  f o r  ^ £ 2 ®! ( - 5 . 4  days)  in G2 and f o r  H^B^ ( - 5 . 5  days) in G3. 
H e te r o s i s  l e v e l s  in G4 were h ig h e r  than  th e  p rev ious  two g e n e r a t i o n s ,
w i th  l a r g e  ( P<.01 and P<.05) e s t i m a t e s  f o r  B21^11’ C18B9A5 5 ^18B9H5 
and C^gBgHg ( - 9 . 3 ,  - 7 . 3 ,  -1 0 .7  and - 9 . 3  days ,  r e s p e c t i v e l y ) .  The 
d ec rea se  in h e t e r o s i s  from Gl and then the  in c r e a s e  in G4 appears  to  
fo l low  the  degree  o f  h e t e r o z y g o s i t y  p r e s e n t  in  th e  breed combina tions 
f o r  each g e n e r a t io n  (Table 10) .  Very few s t u d i e s  have re p o r t e d  
h e t e r o s i s  e s t i m a t e s  f o r  CBD, w i th  a l l  e s t i m a t e s  being  small and 
n o n s i g n i f i c a n t  (Reynolds e t  a l . ,  1980).  Sagebie l  e t  a l .  (1967) and 
Long (1980) r e p o r t e d  h e t e r o s i s  l e v e l s  o f  0 to  1.0% f o r  g e s t a t i o n
l e n g t h .  T h e r e f o r e ,  e s t i m a t e s  f o r  t h i s  s tudy  were c o n s id e ra b ly  h ighe r  
than those  p r e v io u s ly  r e p o r t e d .
There appeared to  be a t r e n d  f o r  CBD to  i n c r e a s e  as g e n e r a t io n s  
i n c r e a s e d ,  i n d i c a t i n g  t h a t  cows in t h i s  s tudy tended  to  r e -b re e d  and 
ca lve  l a t e r  each y e a r .  The number o f  2 - ,  3- and 4 - y e a r - o ld  dams 
u t i l i z e d  in G2, G3 and G4 was much h ighe r  than t h a t  in Gl (Table 12) ,  
however, the  da ta  were a d ju s t e d  f o r  cow age d i f f e r e n c e s .  D i f f e ren ces  
between the  s t r a i g h t b r e d  A, C and H were n e g l i g i b l e  (P>.05) f o r  most 
g e n e r a t i o n s .  This i s  in c o n t r a s t  to  Long and Gregory (1974) ,  where A 
dams ca lved  5 days e a r l i e r  than H dams. Also ,  g r e a t e r  d i f f e r e n c e s  
might have been expec ted  due to  the  r e p o r t s  t h a t  g e s t a t i o n  len g th  f o r  C 
and C -s i r e d  c a lv e s  was lo n g e r  than f o r  A c a l v e s .  Sagebie l  e t  a l .
(1967) noted g e s t a t i o n  l e n g t h s  o f  279, 285 and 282 days f o r  A, H and 
C -s i r e d  c ro s sb re d  c a l v e s .  Smith e t  a l . (1976) observed  t h a t  A ca lves  
had 3 .1  days s h o r t e r  g e s t a t i o n  len g th  than Hereford ca lv e s  ( P<.0 1 ) .
Long (1980) r e p o r t e d  g e s t a t i o n  l e n g th s  o f  285 days f o r  s t r a i g h t b r e d  C 
c a l v e s .
P e rcen t  A ss i s t e d  B i r t h s . Calving d i f f i c u l t y  has been shown to  be 
an im por tan t  f a c t o r  in  n e t  c a l f  c ro p ,  mainly due to  dea th  l o s s e s  
a s s o c i a t e d  with d y s t o c i a ,  and to  lower b reed ing  r a t e s  th e  nex t  y e a r  in 
cows t h a t  had ca lv in g  d i f f i c u l t y .  This t r a n s l a t e s  i n to  a major  source  
o f  economic lo s s  f o r  the  b e e f  c a t t l e  p roducer .  Researchers  have found 
d i f f e r e n c e s  in  c a lv in g  d i f f i c u l t y  a t t r i b u t e d  to  sex o f  c a l f ,  dam breed ,  
s i r e  breed and the  phenotypic  environment to  which the  c a l f  was exposed 
( L a s t e r  and Gregory,  1973; Burfening e t  a l . ,  1978; B ai ly  and Moore, 
1980; Comerford e t  a l . ,  1987).  Bellows e t  a l . (1971) and L a s t e r  (1974) 
i n d i c a t e d  t h a t  b i r t h  weigh t  was th e  s i n g l e  most im por tan t  f a c t o r
TABLE 12. NUMBER OF COW-AGE RECORDS PER GENERATION
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Cow Genera t ion
Aqe (Yrs) One Two Three Four
2 1 85 75 59
3 90 171 183 126
4 149 248 252 135
5 162 289 327 140
6 177 206 254 100
7 146 153 147 29
8 125 74 69 0
9 102 1 2 0
10 65 1 1 1
11+ 168 5 1 0
c o n t r i b u t i n g  to  c a lv in g  d i f f i c u l t y .  All sou rces  o f  v a r i a t i o n  in t h i s  
s tudy  were s i g n i f i c a n t .
The o v e r a l l  mean f o r  p e rc en t  a s s i s t e d  b i r t h s  was 3.9%. Generation 
in f lu en c ed  (P<.01) PA, w i th  Gl and G4 being s i g n i f i c a n t l y  lower than G2 
and G3 (2 .5  and 3 .2  v s .  5 .1  and 5.0%, r e s p e c t i v e l y ) .  Severa l  s t u d i e s  
have i n d i c a t e d  t h a t  dam age had a s i g n i f i c a n t  e f f e c t  on ca lv in g  
d i f f i c u l t y ,  with younger  dams e x p e r ien c in g  a g r e a t e r  degree o f  
d i f f i c u l t y  (Smith e t  a l . ,  1976; Burfening e t  a l . ,  1978).
Male ca lv e s  (5.0%) r e q u i r e d  more than tw ice  th e  a s s i s t a n c e  a t  
b i r t h  (P<.01) than females  (2.3%). Sagebie l  e t  a l . (1969) noted t h a t  C 
x A male c a lv e s  had 9.1% more d y s to c i a  than the  r e s p e c t i v e  female 
c a l v e s .  For Maine A n jo u -s i r e d  c a l v e s ,  males r e q u i r e d  19% more 
a s s i s t a n c e  a t  b i r t h ,  whereas Brown S w is s - s i r e d  male c a lv e s  exper ienced  
18% d y s to c i a  compared to  6% f o r  females (Gregory e t  a l . ,  1978 a & b ) .  
Severa l  o t h e r  s t u d i e s  r e p o r t e d  s i m i l a r  f i n d i n g s  with  d y s to c i a  averag ing  
form 4 .0  to  12.0% l e s s  in  female ve rsus  male c a lv e s  (Smith e t  a l . ,
1976; Bai ley  and Moore, 1980; Will iamson and Humes, 1985).  In 
c o n t r a s t ,  Sagebie l  e t  a l .  (1968) r e p o r t e d  no s i g n i f i c a n t  d i f f e r e n c e s  
between males and fem a les .  Nelson and Beaver (1982) found 
n o n s i g n i f i c a n t  sex o f  c a l f  e f f e c t s  f o r  p e r c e n t  a s s i s t e d  when b i r t h  
weight was he ld  c o n s t a n t .
Table  13 p r e s e n t s  l e a s t  squares  means f o r  PA by l i n e  w i th in  
g e n e r a t i o n .  In Gl,  only PA f o r  s t r a i g h t b r e d  B, C and H was 
s i g n i f i c a n t l y  d i f f e r e n t  from zero  ( 4 . 7 ,  5 .1  and 7.3%, r e s p e c t i v e l y ) .
The p e rc e n t  a s s i s t a n c e  among s t r a i g h t b r e d  A and a l l  c ro s sb re d  ca lv e s  
was n e g l i g i b l e .  In G2, s i g n i f i c a n t  a s s i s t a n c e  a t  c a lv in g  was r e q u i r e d  
by A, C, H, BgAg, B^Hg and C^HgA^B^. The s t r a i g h t b r e d  C (9.7%) had
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TABLE 13. LINE WITHIN GENERATION LEAST SQUARES MEANS AND
HETEROSIS ESTIMATES FOR PERCENT ASSISTED BIRTHS
Breed Genera t ion
Combination One Two Three Four
P e rcen t  A ss i s t e d  {%)
A 2.5 9 .0 5 .8 5.6
B 4 ,7 4 .0 2 .8 0 .9
C 5.1 8 .1 9 .7 10.3
H 7.3 4 .6 3 .5 7.6
Avg. 5 . 0 ± l . l a 7 . 6 ± l . l a 5 . 4 ± l . l a 5 .6 ± 1 .5 a
AB 2.0 9.2 0 .6 1.3
CB 0.1 1 .0 3 .6 10.2
HB 0.6 9 .5 1 .0 1.2
Avg. 1. 0±1. 2b 6 .5 ± 1 .2 a 1 . 7 ± l . l b 4 .2 ± 1 .7 ab
ABC 1.5 0 .3 7 .8 0 .8
ABH 0.6 0 .8 8 .5 0 .8
BCH 0 .9 0 .7 4 .9 1.4
Avg. l . l ± 1 . 2 b 0 . 5 ± l . l b 7 . 1 ± l . l a 0 .4 ± 1 .6 b
ABCH 2 .1 ± 2 .1 ab 11 .9±2 .2C 6 . 7±1. 9a 1 .3± 2 .8b
S . E . d 2 .0 2.1 2 .0 2 .8
Heterosis (%)
AB -1 .1 3 .3 - 4 .2 0.1
CB - 4 .8 -4 .5 - 4 .0 7.3*
HB -6 .1 * 5.2* - 2 .2 -0 .8
ABC - 2 .8 -7 .9** 3 .2 - 5 .6
ABH - 3 .7 -6 .4** 5.2* -4 .9
ACH - 4 .6 -6 .1 * 1 .0 -5 .4
ABCH - 3 .5 5.1* 1.9 -5 .7
S .E .d 2 .4 2 .5 2 .5 3.4
1 .Means w i th in  a column with  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  ( P<.0 5 ) .  
S.E. = Average s tan d a rd  e r r o r s  f o r  breed type  w i th in  g e n e r a t io n .  
*P<.05.
**P<.01.
the  h i g h e s t  PA in  G3, fo l lowed by BgH^A^ (8.5%) c a l v e s .  Other breed 
types  needing a l a r g e  (P<.05) degree o f  a s s i s t a n c e  were A, B g A ^ ,  
BgHgC2  and BgC^H^Aj. For G4, a high degree (P<.05) o f  c a lv in g  
d i f f i c u l t y  was observed  f o r  the  C, H and E ^ C ^  ( 1 0 .3 ,  7 .6  and 10.2% 
r e s p e c t i v e l y ) .  Among th e  s t r a i g h t b r e d s ,  th e  B had th e  lowest  degree  of 
a s s i s t a n c e  excep t  in Gl when A re q u i r e d  the  l e a s t  a s s i s t a n c e .  I t  has 
been sp e c u la te d  t h a t  c a lv e s  from B females  g e n e r a l l y  have lower b i r t h  
weigh ts  compared to  females  o f  o t h e r  breeds  when mated to  s i m i l a r  s i r e  
b re e d s ,  a l th o u g h ,  B s i r e s  tend to  produce l a r g e r  c a lv e s  a t  b i r t h ,  when 
mated to  females  o f  o t h e r  b r e e d s ,  than do o t h e r  s i r e  breeds  (Roberson 
e t  a l . ,  1986; Comerford e t  a l . ,  1987; Tawah, 1987).  The s t r a i g h t b r e d  C 
were th e  only breed type  to  expe r ience  s i g n i f i c a n t  ca lv in g  d i f f i c u l t y  
in  each g e n e r a t i o n .  This i s  in agreement with o th e r  r e s u l t s  i n d i c a t i n g  
g r e a t e r  d i f f i c u l t y  among C and C -s i r e d  c a lv e s  (C u n d i f f ,  1970; Smith e t
a l . ,  1976; Nelson and Beavers ,  1982).  The degree o f  a s s i s t a n c e
r e q u i r e d  among the  c ro s sb re d  breed types  was n e g l i g i b l e  in each 
g e n e r a t i o n  excep t  when B s i r e s  were used .  Two-breed c ro s s e s  in G2 and
G4 and t h r e e -  and f o u r - b r e e d  c ro s s e s  in G3 were a l l  B - s i r e d  and
e xper ienced  s i g n i f i c a n t  l e v e l s  o f  d y s to c i a  (Table 13) .  Comerford e t  
a l . (1987) noted t h a t  B - s i r e d  c a lv e s  needed more ( P<.05) a s s i s t a n c e  
than  H -s i re d  c a l v e s .  The on ly  o t h e r  s i g n i f i c a n t  a s s i s t a n c e  r e q u i r e d  a t  
b i r t h  among the  c r o s sb re d s  was f o r  the  C ^ A ^  in G2 (11.9%), which 
were C - s i r e d .  Sagebie l  e t  a l .  (1969) and Gregory (1973) r e p o r te d  
g r e a t e r  c a lv in g  d i f f i c u l t y  when C s i r e s  r a t h e r  than B r i t i s h  s i r e s  were 
used to  produce c ro s sb re d  c a l v e s .  However, s i g n i f i c a n t  a s s i s t a n c e  was 
n o t  observed  in o t h e r  c r o s s e s  s i r e d  by C in o t h e r  g e n e r a t i o n s .  This 
may be due to  th e  v a r i a b i l i t y  between b u l l s  t h a t  were sampled. The
o v e r a l l  PA r e q u i r e d  by th e  s t r a i g h t b r e d s  was h ig h e r  ( P<.05) than t h a t  
by th e  two- and t h r e e - b r e e d  c r o s s e s ,  a l though  no t  d i f f e r e n t  from the  
fo u r -b re e d  r o t a t i o n  (Table  13).
H e te ro s i s  f o r  PA was n e g l i g i b l e  in most g e n e r a t i o n s ,  w ith  only  G2 
having a s i g n i f i c a n t  degree  o f  h e t e r o s i s  (Table 13) .  In Gl,  PA 
h e t e r o s i s  f o r  the  c a lv e s  was s i g n i f i c a n t  a t  -6.1%. For G2, the  
A5C2B1 ( -7 .9% ),  H ^ B j  (-6.4%) and H ^ B j  (-6.1%) had l a r g e  (P<.05) 
and n e g a t iv e  h e t e r o s i s  e s t i m a t e s  i n d i c a t i n g  lower ca lv in g  d i f f i c u l t y .
In c o n t r a s t ,  th e  B^H^ (5.2%) and C ^ A ^ B j  (5.1%) had a g r e a t e r  (P<.05) 
degree  o f  d i f f i c u l t y  than t h e i r  s t r a i g h t b r e d  con tem p o ra r ie s .  The only 
o t h e r  s i g n i f i c a n t  h e t e r o s i s  e s t i m a te s  were 5.2% f o r  B g H ^  in  G3 and 
7.3% f o r  ^21^11 in  1195 Been r e p o r t e d  f o r  h e t e r o s i s
p e r t a i n i n g  to  p e rc e n t  a s s i s t a n c e  o r  d y s t o c i a .  Long (1980) ,  in  a review 
o f  c ro s sb re e d in g  s t u d i e s ,  found t h a t  h e t e r o s i s  ranged from 0 to  7.0%. 
However, h e t e r o s i s  f o r  b i r t h  w e igh t ,  which i s  an im por tan t  f a c t o r  
c o n t r i b u t i n g  to  d y s to c i a  (Bellows e t  a l . ,  1971; L a s t e r ,  1974) ,  has been 
found to  range as high as 15.0% (Sagebie l  e t  a l . ,  1967; Reynolds e t  
a l . ,  1980).
There was a t r e n d  f o r  breed o f  s i r e  to  i n f l u e n c e  PA. When B s i r e s  
were used to  produce c r o s sb re d  c a l v e s ,  a g r e a t e r  degree  o f  d i f f i c u l t y  
was observed .
General  D i s c u s s i o n . Over a l l  g e n e r a t io n s  and f o r  each mating type 
th e  t h r e e - b r e e d  r o t a t i o n a l  c ro s sb re d s  tended  to  have the  b e s t  
r e p r o d u c t iv e  performance fo l lowed  by the  two-breed r o t a t i o n s .  For CR, 
CS, WR and PA th e  c r o s sb re d  combinations  performed b e t t e r  than  the  
s t r a i g h t b r e d s  and f o r  CBD, the  t h r e e - b r e e d  r o t a t i o n  c a lv e s  had the  
e a r l i e s t  b i r t h  d a te s  with  no s i g n i f i c a n t  d i f f e r e n c e  among the  o th e r
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mating ty p e s .  I n d i v i d u a l l y ,  among the  two-breed r o t a t i o n ,  the  HB had 
the  h ig h e s t  o v e r a l l  means and h e t e r o s i s  e s t i m a te s  f o r  CR, CS and WR, 
while  the  HB and AB had th e  e a r l i e s t  CBD and lowest  PA. Among the  
t h r e e - b r e e d  r o t a t i o n s ,  th e  ABH and BCH tended to  perform b e s t  f o r  a l l  
r e p r o d u c t iv e  t r a i t s .  The mean s t r a i g h t b r e d  performance was n e g a t i v e ly  
in f lu en c ed  by th e  poor performance o f  the  B f o r  a l l  t r a i t s  excep t  PA. 
The B s t r a i g h t b r e d s  r e q u i r e d  l e s s  c a lv in g  a s s i s t a n c e  than a l l  breed 
ty p e s .
H e te r o s i s  e s t i m a te s  f o r  CR, CS and WR tended to  be l a r g e  and 
p o s i t i v e  f o r  a l l  breed com bina t ions .  However, e s t i m a te s  f o r  CS tended 
to  be s m a l l e r  than those  f o r  CR and WR. This i n d i c a t e s  t h a t  the  
s t r a i g h t b r e d  CS was s i m i l a r  to  t h a t  o f  th e  c r o s s b r e d s .  In c o n t r a s t ,  
h e t e r o s i s  l e v e l s  f o r  CBD and PA were c o n s id e ra b ly  lower,  with only  a 
few s i g n i f i c a n t  e s t i m a t e s .  For CR and WR, means and h e t e r o s i s  l e v e l s  
tended  to  be h i g h e s t  in  cows composed of  a high pe rcen tage  o f  B, 
i n d i c a t i n g  th e se  dams may be b e t t e r  s u i t e d  f o r  the  Gulf Coast  r e g io n .
In c o n t r a s t ,  B - s i r e d  c a lv e s  tended to  have lower CR and WR, were born 
l a t e r  in th e  c a lv in g  season and r e q u i r e d  a g r e a t e r  degree  o f  a s s i s t a n c e  
a t  b i r t h .
Sex o f  c a l f  was im p o r tan t  f o r  CS, CBD and PA. Male ca lv e s  had 
lower s u rv iv a l  to  weaning than  female c a l v e s ,  were born l a t e r  in  the  
c a lv in g  season and r e q u i r e d  more a s s i s t a n c e  a t  b i r t h .  These f a c t o r s  
a r e  i n t e r r e l a t e d  as dams c a r r y in g  male c a lv e s  have longe r  g e s t a t i o n  
l e n g t h s ,  thus  a l low ing  males to  be h e a v ie r  a t  b i r t h .  This l e ad s  to  
g r e a t e r  c a lv in g  d i f f i c u l t y  and r e s u l t s  in lower s u rv iv a l  f o r  male 
c a l v e s .
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CHAPTER III
DIRECT AND MATERNAL ADDITIVE AND HETEROTIC GENETIC
EFFECTS FOR REPRODUCTIVE TRAITS IN BEEF CATTLE
Summary
A t o t a l  o f  4,301 cow exposure  r eco rds  from fou r  g e n e r a t io n s  of  a 
r o t a t i o n a l  c ro s sb re e d in g  s tudy  were used to  p a r t i t i o n  breed d i r e c t  and 
mate rnal a d d i t i v e  and h e t e r o t i c  g e n e t i c  e f f e c t s  f o r  c a lv in g  r a t e  (CR), 
c a l f  s u rv iv a l  (CS), weaning r a t e  (WR), c a l f  b i r t h  da te  (CBD) and 
p e rc e n t  a s s i s t e d  b i r t h s  (PA). Angus (A),  Brahman (B),  C h aro la i s  (C) 
and Hereford  (H) breeds  were involved  in two- ,  t h r e e -  and fo u r -b re ed  
r o t a t i o n  systems with the  r e s t r i c t i o n  t h a t  each breed combinat ion 
in c lu d e  B. S t r a i g h t b r e d s  were main ta ined  as c o n t r o l s .  A m u l t i p l e  
r e g r e s s i o n  model was used to  p a r t i t i o n  breed d i r e c t  ( Ig )  and maternal  
(Mg) a d d i t i v e  and h e t e r o t i c  (Ih  and Mh) g e n e t i c  e f f e c t s .  The cow was 
co n s id e red  the  d i r e c t  o b s e r v a t io n  f o r  CR and WR whereas the  c a l f  was 
the  d i r e c t  o b s e r v a t io n  f o r  CS, CBD and PA. Breed d i r e c t  and maternal  
a d d i t i v e  g e n e t i c  e f f e c t s  were expressed  as a d e v i a t i o n  from the  o v e r a l l  
mean and summed to  z e r o .  Breed d i r e c t  and mate rnal a d d i t i v e  e f f e c t s  
f o r  CR, WR and CBD were s i g n i f i c a n t  f o r  th e  B, le ad in g  to  a dec rea se  in 
CR and WR and a l a t e r  CBD. The IgC e f f e c t  f o r  CBD was l a r g e  (P<.10) 
and n e g a t iv e  ( - 3 . 9  d a y s ) ,  as was th e  MgA e f f e c t  f o r  CBD ( - 4 . 4  days)
( P<.0 5 ) .  For PA, th e  IgC e f f e c t s  (4.0%) led  to  in c re a se d  (P<.10) 
d i f f i c u l t y  a t  c a l v i n g ,  w h i le  the  IgH e f f e c t  (-3.9%) decreased  PA 
(P < .10) .  However, th e  MgH e f f e c t  (3.7%) in c re a se d  (P<.10) PA whereas 
the  MgB e f f e c t  (-4.9%) decreased  PA (P < .05) .  D i r e c t  and mate rnal 
a d d i t i v e  g e n e t i c  e f f e c t s  f o r  CS were no t  s i g n i f i c a n t .  H e te r o t i c  
g e n e t i c  e f f e c t s  were s i g n i f i c a n t  f o r  a l l  t r a i t s ,  excep t  PA. Both CR
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and WR were improved due to  IhAB, IhBC and IhBH e f f e c t s ,  whereas 
in c re a se d  CS and e a r l i e r  CBD were a s s o c i a t e d  with the  MhAB, MhBC and 
MhBH e f f e c t s .  However, l a t e r  ( P<.01) CBD's were a s s o c i a t e d  with  the  
IhAB, IhBC and IhBH e f f e c t s .  These r e s u l t s  sugges t  t h a t  the  B breed 
d i r e c t  and mate rnal a d d i t i v e  e f f e c t s  were d e t r im e n ta l  to  r e p ro d u c t iv e  
performance.  However, c ro s sb re d  dams c o n ta in in g  B in t h e i r  breed 
composi t ion had h ig h e r  CR, CS, WR and e a r l i e r  CBD's than th e  o th e r  
breed combina t ions .
(Key Words: Beef c a t t l e ,  Reproduct ion ,  C rossb reed ing ,  Genetic
E f f e c t s ) .
I n t r o d u c t i o n
Reproduct ion i n f l u e n c e s  economic e f f i c i e n c y  o f  beef  c a t t l e  
p ro d u c t io n .  Review a r t i c l e s  by Mason (1966) ,  Cundiff  (1970) and Long 
(1980) have documented t h e  improvement in  r e p ro d u c t io n  from
cro s sb re e d in g  b e e f  c a t t l e .  Franke (1980) reviewed the  r e s u l t s  o f  us ing
Brahman in c ro s sb re e d in g  sys tems .  The des ign  o f  e f f e c t i v e  
c ro s sb re e d in g  programs i s  dependent upon in fo rm at ion  f o r  e s t i m a t i o n  and 
e v a lu a t io n  o f  breed d i r e c t  and maternal  a d d i t i v e  and n o n - a d d i t iv e  
g e n e t i c  e f f e c t s  in v a r io u s  breeds  and breed combina t ions .  Dickerson 
(1969, 1973) ex p la in ed  th e  t h e o r e t i c a l  b a s i s  f o r  c ro s sb re e d in g  and used
g e n e t i c  e x p e c t a t i o n s  to  d e f in e  g e n e t i c  e f f e c t s  a t t r i b u t a b l e  to
p a r t i c u l a r  b reeds  and breed  combina t ions .  Severa l  methods have been 
used t o  e s t i m a t e  t h e s e  g e n e t i c  e f f e c t s .  Gregory e t  a l .  (1978b) and 
Alenda e t  a l .  (1980) c o n t r a s t e d  breed group means to  p a r t i t i o n  the  
d i r e c t  and maternal  a d d i t i v e  and h e t e r o t i c  g e n e t i c  e f f e c t s .  A m u l t i p l e  
r e g r e s s i o n  approach was a l s o  used to  o b ta in  t h e se  e s t i m a te s  (Koger e t  
a l .  1975; D i l l a r d  e t  a l . ,  1980; Robison e t  a l . ,  1981; Olson e t  a l . ,
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1985).  A dd i t iv e  and n o n - a d d i t i v e  g e n e t i c  e f f e c t s  f o r  r e p r o d u c t iv e  
t r a i t s  p lay  a s i g n i f i c a n t  r o l e  in r e p r o d u c t io n ,  p a r t i c u l a r l y  maternal  
h e t e r o s i s  e f f e c t s  (Koger e t  a l . ,  1973; 1974; Gregory e t  a l . ,  1978b;
Peacock and Koger,  1980; N e v i l l e  e t  a l . ,  1984; Koch e t  a l . ,  1985; Olson 
e t  a l . ,  1985).  Previous  r e s e a rc h  has r e p o r t e d  g e n e t i c  e f f e c t s  f o r  
v a r io u s  combinations  o f  t h e  Angus, Brahman, C h aro la i s  and Hereford 
b re e d s .  However, g e n e t i c  e f f e c t  e s t i m a t e s  f o r  a l l  f o u r  breeds  in the  
same environment  have no t  been r e p o r t e d .
The purpose o f  t h i s  s tudy  was to  e s t i m a t e  the  d i r e c t  and mate rnal 
a d d i t i v e  and n o n a d d i t iv e  g e n e t i c  e f f e c t s  f o r  t h e  Angus, Brahman,
C h aro la i s  and Hereford  breeds  o f  b ee f  c a t t l e  f o r  r e p r o d u c t iv e  t r a i t s .
M a te r i a l s  and Methods 
Source o f  D a ta . The da ta  f o r  t h i s  s tudy were c o l l e c t e d  f o r  fou r  
g e n e r a t i o n s  (1970 to  1986) a t  th e  Ben Hur Beef C a t t l e  Farm o f  the  
Louis iana  A g r i c u l t u r a l  Experiment S t a t i o n ,  Baton Rouge. The data  
c o n s i s t e d  o f  fo u r  s t r a i g h t b r e d  l i n e s  as  c o n t r o l s :  Angus (A),  Brahman
(B),  C h a ro la i s  (C) and Hereford  (H),  t h r e e  two-breed (AB, CB and HB), 
t h r e e  t h r e e - b r e e d  (ABC, ABH and BCH) and one f o u r -b re e d  (ABCH) 
r o t a t i o n a l  combina t ions .
Baton Rouge i s  l o c a t e d  a t  l a t i t u d e  30°31'N and lo n g i tu d e  91°08"W 
and i s  10.6 M above sea l e v e l .  The environment i s  s u b t r o p i c a l  with 
average  maximum and minimum tem p era tu res  o f  26 and 18 degrees  C, 
average  maximum and minimum humidity  o f  88 and 54 p e r c e n t  and an 
average  r a i n f a l l  o f  147 cm.
The r e p r o d u c t iv e  t r a i t s  o f  i n t e r e s t  were ca lv in g  r a t e  (CR), c a l f  
s u r v iv a l  (CS),  weaning r a t e  (WR), c a l f  b i r t h  d a te  (CBD) and p e rc e n t  
a s s i s t e d  a t  b i r t h  (PA). Calving r a t e  was the  number o f  cows exposed to
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breed ing  t h a t  gave b i r t h  to  a c a l f  (1 = c a l f ,  0 = no c a l f ) ,  and d id  not 
in c lu d e  cows l o s t  be fo re  ca lv in g  o r  cows t h a t  a b o r t e d .  C al f  su rv iv a l  
was th e  number o f  c a lv e s  born t h a t  su rv ived  to  weaning (1 = su rv iv e d ,  0 
= died  be fo re  weaning) .  Weaning r a t e  was the  number o f  cows exposed to  
breed ing  t h a t  weaned a c a l f  (1 = weaned a c a l f ,  0 = d id  not wean a 
c a l f ) .  C a l f  b i r t h  d a te  was the  day of  b i r t h  counted in days s t a r t i n g  
from Janua ry  1 with  use  o f  th e  J u l i a n  c a l e n d a r .  Only cows t h a t  gave 
b i r t h  to  a c a l f  were inc luded  f o r  CBD. Pe rcen t  a s s i s t a n c e  a t  b i r t h  was 
coded; 0 = no a s s i s t a n c e ,  1 = a s s i s t a n c e .  Cows t h a t  d id  no t  c a lv e ,  
d ied  be fo re  c a l v i n g ,  a b o r ted  or  had abnormal p r e s e n t a t i o n  were not 
in c luded  f o r  PA. Management o f  th e  cows in t h i s  s tudy was as r e p o r t e d  
in Chapter I I .
S t a t i s t i c a l  Methodology. A r e g r e s s i o n  a n a l y s i s  was u t i l i z e d  to  
p a r t i t i o n  th e  breed d i r e c t  and mate rnal a d d i t i v e  and h e t e r o t i c  g e n e t i c  
e f f e c t s  f o r  the  r e p r o d u c t iv e  t r a i t s .  Dickerson (1969, 1973) p re sen te d  
a comprehensive model o f  g e n e t i c  paramete rs  f o r  breed u t i l i z a t i o n .
M u l t ip le  r e g r e s s i o n  models were used by p rev ious  r e s e a r c h e r s  to 
e s t i m a te  g e n e t i c  e f f e c t s  f o r  r e p ro d u c t iv e  and preweaning t r a i t s  (Koger 
e t  a l . ,  1975; D i l l a r d  e t  a l .  1980; Olson e t  a l . ,  1985).  A dd i t iv e  and 
maternal  breed  e f f e c t s  f o r  most r e g r e s s io n  models were computed as 
d e v i a t i o n s  from th e  mean o f  one o f  the  breeds  inc luded  in the  s tudy 
( D i l l a r d  e t  a l . ,  1980; Robison e t  a l . ,  1981; N e v i l l e  e t  a l . ,  1984).
G a l l iv an  e t  a l .  (1987) used a d i f f e r e n t  approach to  de termine  the  
breed and h e t e r o s i s  e f f e c t s  on ewe p ro d u c t io n .  Like th e  p rev ious  
s t u d i e s ,  a m u l t i p l e  r e g r e s s i o n  model was used ,  bu t  the  d i r e c t  and 
maternal  breed a d d i t i v e  g e n e t i c  e f f e c t s  were expressed  as d e v i a t i o n s  
from the  o v e r a l l  l e a s t  squa res  mean.
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For the  a n a l y s i s  o f  t h e se  d a t a ,  t h e  f i n a l  model was a d ju s t e d  f o r  
the  v a r i a t i o n  due to  y e a r s  w i th in  g e n e r a t i o n .  Each o b se rv a t io n  was 
c o r r e c t e d  f o r  y e a r  w i th in  g e n e r a t io n  d i f f e r e n c e s ,  bu t  g e n e ra t io n  
d i f f e r e n c e s  remained.  A p re l im in a r y  model was analyzed c o n ta in in g  only 
g e n e r a t io n  and y e a r  w i th in  g e n e ra t io n  as sources  o f  v a r i a t i o n .
Parameter e s t i m a te s  o f  th e  o v e ra l l  mean, each g e n e r a t io n  and y e a r  
w i th in  g e n e r a t io n  were ob ta ined  by s o l u t i o n  o f  the  normal e q u a t io n s  fo r  
each r e p ro d u c t iv e  t r a i t .  The sum o f  the  mean and g e n e r a t io n  parameter 
e s t i m a te s  p lus  the  r e s i d u a l  were used as the  dependent v a r i a b l e  in the  
f i n a l  model. T h e re fo re ,  th e  v a r i a t i o n  due to  y e a r s  w i th in  g e n e ra t io n  
was removed, bu t  th e  v a r i a t i o n  among g e n e r a t io n s  remained as d e s i r e d .  
Also ,  sex o f  c a l f  was not inc luded  f o r  CR and WR.
Genet ic  e f f e c t s  f o r  t h i s  s tudy  were e s t im a te d  using the  fo l lowing  
m u l t i p l e  r e g r e s s io n  model:
Y = y + fA*IgA + fB*!gB + fC*IgC + fH*IgH
+ fAB*IhAB + fAC*IhAC + fAH*IhAH + fBC*IhBC 
+ fBH*IhBH + fCH*IhCH + f 1A*MgA + f'B*MgB 
+ f'C*MgC + f 1H*MgH + f'AB*MhAB +f'AC*MhAC 
+ f'AH*MhAH + f'BC*MhBC + f'BH*MhBH + f ’CH*MhCH 
+ Sex + bjG + b^G^ + e r r o r ,
Where,
Y = observed t r a i t  ( c a lv in g  r a t e ,  c a l f  s u r v i v a l ,  weaning 
r a t e ,  c a l f  b i r t h  d a t e ,  p e rc e n t  a s s i s t e d  a t  b i r t h ) ,  
v = o v e r a l l  mean,
Ig and Mg = d i r e c t  and maternal  a d d i t i v e  e f f e c t s ,  r e s p e c t i v e l y ,  f o r  
t h e  r e s p e c t i v e  breeds  (A, B, C, H),
Ih and Mh = d i r e c t  and maternal  h e t e r o s i s  g e n e t i c  e f f e c t s ,
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r e s p e c t i v e l y ,  f o r  th e  r e s p e c t i v e  breed combina tions  (AB,
AC, AH, BC, BH o r  CH). 
f  and f '  = p ro p o r t io n  o f  genes in  c a l f  o r  dam from t h e i r  r e s p e c t i v e  
s i r e  and dam components, o r  p ro p o r t io n  o f  lo c i  with genes 
from one breed p a i re d  with genes from a n o th e r  breed in 
th e  c a l f  o r  dam,
Sex = e f f e c t  due to  the  sex o f  c a l f ,
bj  and = p a r t i a l  r e g r e s s io n  c o e f f i c i e n t s  o f  Y on th e  l i n e a r  and
q u a d r a t i c  e f f e c t s  o f  age o f  dam (G),  and
e r r o r  = assumed to  be normally  and independen t ly  d i s t r i b u t e d  with
mean zero  and v a r i a n c e  = o2 .
The assumptions  f o r  the  a n a l y s i s  o f  th e se  da ta  were:
1) There was a l i n e a r  r e l a t i o n s h i p  between degree o f  breed 
h e t e r o z y g o s i t y  and leve l  o f  h e t e r o s i s  (D ickerson ,  1969).
2) All d i r e c t  and maternal  a d d i t i v e  and h e t e r o t i c  g e n e t i c  
e f f e c t s  were c o n s id e red  f i x e d  e f f e c t s .
3) The r e g r e s s i o n  model r e s u l t e d  in l i n e a r  dependenc ies ,  
t h e r e f o r e  c e r t a i n  l i n e a r  r e s t r i c t i o n s  were imposed. The IgA,
IgB, IgC, IgH, MgA, MgB, MgC and MgH e f f e c t s  were assumed to 
be d e v i a t i o n s  from the  o v e r a l l  l e a s t  squares  mean and sum to  
zero  (IgA + IgB + IgC + IgH = MgA + MgB + MgC + MgH = 0 ) .
Due to  t h e se  l i n e a r  dependenc ies ,  c o e f f i c i e n t s  o f  IgH and MgH 
e f f e c t s  were s u b t r a c t e d  from t h e i r  co r respond ing  c o u n te r p a r t s  
b e fo re  a n a l y s i s  (G a l l iv an  e t  a l . ,  1987),  and were e s t im a te d  
as fo l low s :
IgH = - ( IgA + IgB + IgC),  and
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MgH = -(MgA + MgB + MgC).
4) The p ro p o r t io n  o f  genes c o n t r i b u t e d  by each breed (A,B,C or 
H) and the  l e v e l  o f  h e t e r o z y g o s i t y  f o r  th e  breed combinat ions 
(AB, AC, AH, BC, BH o r  CH) were assumed to  be continuous  
independent v a r i a b l e s .  For CR and WR, the  d i r e c t  e f f e c t s  
r e p r e s e n t  th e  b reed  composi t ion o f  the  dam and the  maternal  
e f f e c t s  r e p r e s e n t  th e  breed composi t ion  o f  the  maternal  
granddam. The c o e f f i c i e n t s  used to  d e s c r ib e  the  p ro p o r t io n s  
o f  each breed and the  degree  o f  h e t e r o z y g o s i ty  f o r  the  
d i f f e r e n t  breed combinations  a r e  p re sen te d  in  Tables  14a and 
14b. For CS, CBD and PA, th e  d i r e c t  e f f e c t  r e p r e s e n t s  the  
breed composi t ion  o f  the  c a l f  and th e  mate rnal e f f e c t  the  
breed composi t ion  o f  th e  dam (Tables  15a and 15b).
5) H e te r o t i c  e f f e c t s  f o r  each r e p r o d u c t iv e  t r a i t  were de f ined  as 
th e  d e v ia t i o n  from th e  average  h e t e r o z y g o s i t y  w i th in  
c ro s sb re d s  and t h e i r  p a r e n t a l  breeds  (G a l l iv a n  e t  a l . ,  1987).  
H e te r o s i s  was dependent upon the  f a v o r a b le  dominance from the  
c r o s s in g  o f  b reeds  and the  squared d i f f e r e n c e  in  gene 
f requency  between th e  breeds  c ro s sed  ( F a lc o n e r ,  1982).
6) The e f f e c t s  o f  l i n k a g e  and e p i s t a s i s  were cons ide red  
n e g l i g i b l e .
The p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  and sources  o f  v a r i a t i o n  in 
the  model were computed u s ing  l e a s t  squares  procedures  in SAS (1985).
The e s t i m a t e  procedure  o u t l i n e d  in SAS (1985) was used to  o b ta in  
e s t i m a t e s  and s tan d a rd  e r r o r s  o f  IgH and MgH e f f e c t s .
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TABLE 14a. COEFFICIENTS FOR DIRECT ADDITIVE AND HETEROTIC GENETIC
EFFECTS FOR CALVING RATE AND WEANING RATE9
Dam Breed . 
Composition IqA IgB igc ig H IhAB IhAC IhAH IhBC IhBH IhCH
A 1 0 0 0 0 0 0 0 0 0
B 0 1 0 0 0 0 0 0 0 0
C 0 0 1 0 0 0 0 0 0 0
H 0 0 0 1 0 0 0 0 0 0
A1B1 1/2 1/2 0 0 1 0 0 0 0 0
C1B1 0 1/2 1/2 0 0 0 0 1 0 0
H1B1 0 1/2 0 1/2 0 0 0 0 1 0
A1B1 1/2 1/2 0 0 1 0 0 0 0 0
H1B1 0 1/2 0 1/2 0 0 0 0 1 0
H1B1 0 1/2 0 1/2 0 0 0 0 1 0
A1B1 1/2 1/2 0 0 1 0 0 0 0 0
A3B1 3/4 1/4 0 0 1/2 0 0 0 0 0
C3B1 0 1/4 3 /4 0 0 0 0 1/2 0 0
H3B1 0 1/4 0 3/4 0 0 0 0 1/2 0
C2A1B1 1/4 1/4 1/2 0 0 1/2 0 1/2 0 0
A2H1B1 1/2 1/4 0 1/4 1/2 0 1/2 0 0 0
C2H1B1 0 1/4 1/2 1/4 0 0 0 1/2 0 1/2
H2A1B1 1/4 1/4 0 1/2 0 0 1/2 0 1/2 0
B5A3 3/8 5/8 0 0 3/4 0 0 0 0 0
B5C3 0 5/8 3/8 0 0 0 0 3/4 0 0
B5H3 0 5/8 0 3 /8 0 0 0 0 3/4 0
A5C2B1 5/8 1/8 1/4 0 1/4 1/2 0 0 0 0
H5A2B1 1/4 1/8 0 5/8 0 0 1/2 0 1/4 0
H5C2B1 0 1/8 1/4 5/8 0 0 0 0 1/4 1/2
C4H2A1B1 1/8 1/8 1/2 1/4 0 1/4 0 1/4 0 1/2
A11B5 11/16 5/16 0 0 5/8 0 0 0 0 0
C11B5 0 5/16 11/16 0 0 0 0 5/8 0 0
H11B5 0 5/16 0 11/16 0 0 0 0 5/8 0
B9A5C2 5/16 9/16 1 /8 0 5 /8 0 0 1/4 0 0
B9H5A2 1/8 9/16 0 5/16 1/4 0 0 0 5/8 0
B9H5C2 0 9/16 1/8 5/16 0 0 0 1/4 5 /8 0
B9C4H2A1 1/16 9/16 1/4 1/8 1/8 0 0 1/2 1/4 0
iL
Ig .  = In d iv id u a l  o r  d i r e c t  a d d i t i v e  breed e f f e c t  f o r  th e  i breed of  
1 dam, and .u
I h . . = In d iv id u a l  h e t e r o t i c  e f f e c t  f o r  th e  i j  breed combination in the  
. J c ro s sb re d  dams.
A = Angus, B = Brahman, C = C h a ro la i s  and H = Hereford .
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TABLE 14b. COEFFICIENTS FOR MATERNAL ADDITIVE AND HETEROTIC
GENETIC EFFECTS FOR CALVING RATE AND WEANING RATE
Maternal Dam 
Composition MgA MgB MgC MqH MhAB MhAC MhAH MhBC MhBH MhCH
A 1 0 0 '0 0 0 0 0 0 0
B 0 1 0 0 0 0 0 0 0 0
C 0 0 1 0 0 0 0 0 0 0
H 0 0 0 1 0 0 0 0 0 0
A 1 0 0 0 0 0 0 0 0 0
C 0 0 1 0 0 0 0 0 0 0
H 0 0 0 1 0 0 0 0 0 0
A 1 0 0 0 0 0 0 0 0 0
H 0 0 0 1 0 0 0 0 0 0
H 0 0 0 1 0 0 0 0 0 0
A 1 0 0 0 0 0 0 0 0 0
A1B1 1/2 1/2 0 0 1 0 0 0 0 0
C1B1 0 1/2 1/2 0 0 0 0 1 0 0
H1B1 0 1/2 0 1/2 0 0 0 0 1 0
A1B1 1/2 1/2 0 0 1 0 0 0 0 0
H1B1 0 1/2 0 1/2 0 0 0 0 1 0
H1B1 0 1/2 0 1/2 0 0 0 0 1 0
A1B1 1/2 1/2 0 0 1 0 0 0 0 0
A3B1 3/4 1/4 0 0 1/2 0 0 0 0 0
C3B1 0 1/4 3/4 0 0 0 0 1/2 0 0
H3B1 0 1/4 0 3/4 0 0 0 0 1/2 0
C2A1B1 1/4 1/4 1/2 0 0 1/2 0 1/2 0 0
A2H1B1 1/2 1/4 0 1/4 1/2 0 1/2 0 0 0
C2H1B1 0 1/4 1/2 1/4 0 0 0 1/2 0 1/2
H1A1B1 1/4 1/4 0 1/2 0 0 1/2 0 1/2 0
B5A3 3/8 5/8 0 0 3/4 0 0 0 0 0
B5C3 0 5 /8 3 /8 0 0 0 0 3/4 0 0
B5H3 0 5/8 0 3/8 0 0 0 0 3/4 0
A5C2B1 5/8 1/8 1/4 0 1/4 1/2 0 0 0 0
H5A2B1 1/4 1/8 0 5/8 0 0 1/2 0 1/4 0
H5C2B1 0 1/8 1/4 5/8 0 0 0 0 1/4 1/2
C4H2A1B1 1/8 1/8 1/2 1/4 0 1/4 0 1/4 0 1/2
aMg. = mate rnal a d d i t i v e  breed ie f f e c t f o r the  i*"*1 breed o f  maternal
granddam, and
Mh.. = mate rnal h e t e r o t i c  e f f e c t  f o r  the  i j  breed combination in  the
. J c ro s sb re d  mate rnal granddam o f  t h e  dam.
A = Angus, B = Brahman, C = C h aro la i s  and H = Hereford .
TABLE 15a. COEFFICIENTS FOR DIRECT ADDITIVE AND
HETEROTIC GENETIC EFFECTS FOR CALF SURVIRAL,
CALF BIRTH DATE AND PERCENT ASSISTED BIRTHS
C al f  Breed 
Composit ion b IgA IgB IgH IhAB IhAC IhAH IhBC IhBH IhCH
A 1 0 0 0 0 0 0 0 0 0
B 0 1 0 0 0 0 0 0 0 0
C 0 0 1 0 0 0 0 0 0 0
H 0 0 0 1 0 0 0 0 0 0
A3B1 3/4 1/4 0 0 1/2 0 0 0 0 0
C3B1 0 1/4 3/4 0 0 0 0 1/2 0 0
H3B1 0 1/4 0 3/4 0 0 0 0 1/2 0
C2A1B1 1/4 1/4 1/2 0 0 1/2 0 1/2 0 0
A2H1B1 1/2 1/4 0 1/4 1/2 0 1/2 0 0 0
C2H1B1 0 1/4 1/2 1/4 0 0 0 1/2 0 1/2
H2A1B1 1/4 1/4 0 1/2 0 0 1/2 0 1/2 0
B5A3 3/8 5 /8 0 0 3/4 0 0 0 0 0
B5C3 0 5/8 3 /8 0 0 0 0 3/4 0 0
B5H3 0 5/8 0 3/8 0 0 0 0 3/4 0
A5C2B1 5/8 1/8 1 /4 0 1/4 1/2 0 0 0 0
H5A2B1 1/4 1/8 0 5/8 0 0 1/2 0 1/4 0
H5C2B1 0 1/8 1/4 5/8 0 0 0 0 1/4 1/2
C4H2A1B1 1/8 1/8 1/2 1/4 0 1/4 0 1/4 0 1/2
A11B5 11/16 5/16 0 0 5/8 0 0 0 0 0
C11B5 0 5/16 11/16 0 0 0 0 5/8 0 0
H11B5 0 5/16 0 11/16 0 0 0 0 5/8 0
B9A5C2 5/16 9/16 1/8 0 5/8 0 0 1/4 0 0
B9H5A2 1/8 9/16 0 5/16 1/4 0 0 0 5/8 0
B9H5C2 0 9/16 1/8 5/16 0 0 0 1/4 5/8 0
B9C4H2A1 1/16 9/16 1/4 1/8 1/8 0 0 1/2 1/4 0
B21A11 11/32 21/32 0 0 11/16 0 0 0 0 0
B21C11 0 21/32 11/32 0 0 0 0 11/16 0 0
B21H11 0 21/32 0 11/32 0 0 0 0 11/16 0
C18B9A5 5/32 9/32 18/32 0 0 5/16 0 9/16 0 0
A18B9H5 18/32 9/32 0 5/32 9/16 0 5/16 0 0 0
C18B9H5 0 9/32 18/32 5/32 0 0 0 9/16 0 5/16
A17B9C4H2 17/32 9/32 4/32 2/32 9/16 1/4 1/8 0 0 0
9 t  hIg .  = In d iv id u a l  o r  d i r e c t  a d d i t i v e  breed e f f e c t  f o r  t h e  i breed  in
th e  progeny, and
I h . .  = In d iv id u a l  h e t e r o t i c  e f f e c t  f o r  t h e  i j  breed combination in 
J th e  c ro s sb re d  
. progeny.
A = Angus, B = Brahman, C = C h aro la i s  and H = Hereford .
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TABLE 15b. COEFFICIENTS FOR THE MATERNAL ADDITIVE AND
HETEROTIC GENETIC EFFECTS FOR CALF SURVIVAL,
CALF BIRTH DATE AND PERCENT ASSISTED BIRTHS9
Dam Breed 
Composition b MgA MgB MgC MqH MhAB MhAC MhAH MhBC MhBH MhCH
A 1 0 0 0 0 0 0 0 0 0
B 0 1 0 0 0 0 0 0 0 0
C 0 0 1 0 0 0 0 0 0 0
H 0 0 0 1 0 0 0 0 0 0
A1B1 1/2 1/2 0 0 1 0 0 0 0 0
C1B1 0 1/2 1/2 0 0 0 0 1 0 0
H1B1 0 1/2 0 1/2 0 0 0 0 1 0
A1B1 1/2 1/2 0 0 1 0 0 0 0 0
H1B1 0 1/2 0 1/2 0 0 0 0 1 0
H1B1 0 1/2 0 1/2 0 0 0 0 1 0
A1B1 1/2 1/2 0 0 1 0 0 0 0 0
A3B1 3/4 1/4 0 0 1/2 0 0 0 0 0
C3B1 0 1/4 3/4 0 0 0 0 1/2 0 0
H3B1 0 1/4 0 3/4 0 0 0 0 1/2 0
C2A1B1 1/4 1/4 1/2 0 0 1/2 0 1/2 0 0
A2H1B1 1/2 1/4 0 1/4 1/2 0 1/2 0 0 0
C2H1B1 0 1/4 1/2 1/4 0 0 0 1/2 0 1/2
H2A1B1 1/4 1/4 0 1/2 0 0 1/2 0 1/2 0
B5A3 3/8 5/8 0 0 3/4 0 0 0 0 0
B5C3 0 5/8 3/8 0 0 0 0 3/4 0 0
B5H3 0 5/8 0 3/8 0 0 0 0 3/4 0
A5C2B1 5/8 1/8 1/4 0 1/4 1/2 0 0 0 0
H5A2B1 1/4 1/8 0 5/8 0 0 1/2 0 1/4 0
H5C2B1 0 1/8 1/4 5 /8 0 0 0 0 1/4 1/2
C4H2A1B1 1/8 1/8 1/2 1/4 0 1/4 0 1/4 0 1/2
A11B5 11/16 1/16 0 0 5/8 0 0 0 0 0
C11B5 0 5/16 11/16 0 0 0 0 5/8 0 0
H11B5 0 5/16 0 11/16 0 0 0 0 5/8 0
B9A5C2 5/16 9/16 1/8 0 5/8 0 0 1/4 0 0
B9H5A2 1/8 9/16 0 5/16 1/4 0 0 0 5/8 0
B9H5C2 0 9/16 1/8 5/16 0 0 0 1/4 5/8 0
B9C4H2A1 1/16 9/16 1/4 1/8 1/8 0 0 1/2 1/4 0
aMg. = Maternal a d d i t i v e  breed  e f f e c t  f o r  the  i dam breed in the  dam 
1 o f  the  c a l f ,  and ..
Mh-. = Maternal h e t e r o t i c  e f f e c t  f o r  t h e  i j  breed combinat ion in the  
. J c ro s sb re d  dam o f  th e  c a l f .
A = Angus, B = Brahman, C = C h a ro la i s  and H = Hereford .
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R esu l t s  and Discuss ion  
Leas t  squares  a n a l y s i s  o f  v a r i a n ce  sums o f  squares  and 
s i g n i f i c a n c e  l e v e l s  f o r  f a c t o r  inc luded  in the  models to  ex p la in  
v a r i a t i o n  in the  r e p r o d u c t iv e  t r a i t s  a re  p re sen te d  in t a b l e  16. All 
non -gene t ic  sou rces  o f  v a r i a t i o n ,  in c lu d in g  sex o f  c a l f  and th e  l i n e a r  
and q u a d r a t i c  e f f e c t s  o f  cow age ,  were s i g n i f i c a n t  f o r  each t r a i t .
D i r e c t  and mate rnal breed a d d i t i v e  and h e t e r o t i c  g e n e t i c  e f f e c t  
e s t i m a te s  were c a l c u l a t e d  as d e v i a t i o n s  from the  o v e ra l l  l e a s t  squares  
mean f o r  each r e p r o d u c t iv e  t r a i t .  The dam was cons ide red  the  d i r e c t  
o b s e r v a t io n  f o r  CR and WR, whereas t h e  c a l f  was the  d i r e c t  o b se rv a t io n  
f o r  CS, CBD and PA.
Genet ic  e f f e c t s  were d e f in ed  by Dickerson (1969) to  be the  mean 
d e v i a t i o n  in o f f s p r i n g  performance from the  average  performance f o r  
pu reb red s .  D i r e c t  and maternal  a d d i t i v e  e f f e c t s  r e p r e s e n t  the  
d e v ia t i o n  due to  th e  average  d i r e c t  e f f e c t s  o f  an i n d i v i d u a l ' s  genes 
and the  d e v i a t i o n  due to  th e  average  e f f e c t s  through maternal  
environment,  r e s p e c t i v e l y .  D i r e c t  and mate rnal h e t e r o t i c  e f f e c t s  
r e p r e s e n t  the  d e v i a t i o n s  due to  in c re a s e d  average  h e t e r o z y g o s i t y  o f  
c ro s sb re d  i n d i v i d u a l s  and to  maternal  envi ronmenta l  e f f e c t s  o f  
c ro s sb re d  dams, r e s p e c t i v e l y  (D icke rson ,  1969).  Eisen e t  a l . (1983) 
i n d i c a t e d  t h a t  average  d i r e c t  and maternal  g e n e t i c  e f f e c t s  f o r  a l i n e  
o r  breed c o n ta in  e f f e c t s  due to  dominance as well  as  a d d i t i v e  e f f e c t s .
Calving R a te . P a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  f o r  d i r e c t  and 
mate rnal a d d i t i v e  g e n e t i c  e f f e c t  e s t i m a te s  f o r  CR a re  p re sen ted  in 
t a b l e  17. The mean CR f o r  t h i s  s tudy  was 80.2%. The IgB and MgB had 
l a r g e  (P<.05) and n e g a t iv e  i n f l u e n c e s  ( - 4 .7  and -4.7%, r e s p e c t i v e l y )  on 
CR. D i r e c t  and maternal  a d d i t i v e  e f f e c t  e s t i m a te s  f o r  A, C and H dams
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TABLE 16. LEAST SQUARES ANALYSIS OF VARIANCE PARTIAL SUMS OF SQUARES
FOR THE REPRODUCTIVE TRAITS
Sources
o f
V a r ia t io n df
Calving
r a t e
(%)2
...... CaTf” '
s u r v iv a l
(%)2
Weaning
r a t e(%r
..... CaTf
b i r t h  d a te  
(days)
Pe rcen t
a s s i s t an c e(%r
Sex o f  c a l f 1 _ 0.293* _ 6400.4** 0.924**
Cow age 
L inear 1 10.0** 0.946** 13.36** 2864.2** 0.839**
Q uadra t ic 1 10.0** 0.606** 12.52** 1346.7** 0.390**
IgA 1 0 .3 0.009 0.70+ 377.4 0.056
IgB 1 0.6* 0.004 1.19* 3214.2** 0.039
IgC 1 0 .0 0.004 0.01 1193.0+ 0.126+
IhAB 1 6.1** 0.015 10.40** 4093.6** 0.013
IhAC 1 0 .3 0.027 0.46 610.66 0.006
IhAH 1 0 .0 0.013 0 .04 313.2 0.004
IbBC 1 4.0** 0.170 7.36** 4208.1** 0.000
IhBH 1 10.6** 0.065 23.99** 4181.9** 0.019
IhCH 1 0 .2 0.001 0.49 714.9 0.016
MgA 1 0 .2 0.093 0 .09 1542.6* 0.055
MgB 1 0.8* 0.160 0.84* 2239.7* 0.155*
MgC 1 0 .2 0.004 0.13 18.4 0.016
MbAB 1 0.9* 0.318* 1.66** 9126.3** 0.046
MbAC 1 0.5+ 0.020 0 .38 644.3 0.001
MbAH 1 1.9** 0.038 1.40** 0 .4 0.003
MbBC 1 0.1 0.521** 1.04* 6020.7** 0.074
MhBH 1 0.1 0.725** 0 .22 12127.1** 0.051
MhCH 1 0 .1 0.175 0 .14 2274.5** 0.056
Residual 4280 652.8 222.557 788.81 1163067.1 118.138
R2(%) 6.03 3.04 7.32 3.93 11.52
*P<.10.
,+P<.05.
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and mate rnal granddams were n o n s i g n i f i c a n t .  Peacock and Koger (1980) 
found no s i g n i f i c a n t  d i r e c t  o r  mate rnal a d d i t i v e  breed e f f e c t s  f o r  
Angus, Brahman o r  C h a ro la i s  f o r  CR. However, N e v i l l e  e t  a l .  (1984) 
r e p o r t e d  a l a r g e  n e g a t iv e  (P<.05) d i r e c t  breed e f f e c t  f o r  Santa 
G e r t ru d i s  (-7.1%) when d e v ia t e d  from the  Hereford  mean. The 
s i g n i f i c a n t  n e g a t iv e  IgB and MgB e f f e c t s  in t h i s  s tudy  i n d i c a t e  t h a t
the  B dam breed a d d i t i v e  e f f e c t s  decreased  CR.
Table  17 p r e s e n t s  e s t i m a t e s  o f  the  h e t e r o t i c  g e n e t i c  e f f e c t s  f o r  
CR. The IhAB (16.1%), IhBC (19.1%) and IhBH (20.4%) c ro s sb re d  dam 
e f f e c t s  were im por tan t  (P<.01) f o r  CR, whereas the  IhAC, IhAH and IhCH 
e f f e c t s  were n o n s i g n i f i c a n t .  These r e s u l t s  document th e  impor tance o f  
B in the  c ro s sb re d  cow f o r  g r e a t e r  CR performance.  These r e s u l t s  agree  
w ith  th o se  p re s e n te d  by Peacock and Koger (1980) ,  where AB and BC 
c ro s sb re d  cows had l a r g e  ( P<.01) and p o s i t i v e  h e t e r o s i s  e f f e c t s  f o r  CR,
compared to  AC cows (8 .7  and 9.2%, r e s p e c t i v e l y ) .  Maternal h e t e r o s i s
e f f e c t s  were im por tan t  (P<.05 and P<.01, r e s p e c t i v e l y )  f o r  MhAB (-7.0%) 
and MhAH (21.1%). The AB maternal  granddams had a n e g a t iv e  in f l u e n c e  
on CR o f  t h e i r  d a u g h te r s ,  w h i le  AH maternal  granddams had a l a r g e  
p o s i t i v e  i n f l u e n c e .
In summary, th e  B breed  a d d i t i v e  e f f e c t  had th e  g r e a t e s t  in f lu en c e  
on CR, with both t h e  d i r e c t  and mate rnal a d d i t i v e  e f f e c t s  d e c rea s in g  
t h i s  t r a i t .  Crossbred cows which in c lu d e  B e x h i b i t  l a r g e  and p o s i t i v e  
h e t e r o t i c  in f l u e n c e s  on CR.
C al f  S u r v i v a l . The mean CS f o r  t h i s  s tudy  was 92.7%. All 
e s t i m a te s  o f  breed  a d d i t i v e  g e n e t i c  e f f e c t s  were small (P>.05) with 
l a r g e  s tan d a rd  e r r o r s  (Table  18).  Severa l  r e s e a r c h e r s  r e p o r t e d  s i m i l a r  
r e s u l t s ,  w ith  no s i g n i f i c a n t  d i r e c t  o r  mate rnal a d d i t i v e  e f f e c t s  f o r  CS
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TABLE 17. BREED DIRECT AND MATERNAL ADDITIVE AND HETEROSIS
EFFECTS FOR CALVING RATE AND WEANING RATE
Breed or Calving Weaning
Breed Combination ra te (%) rate{%)
u 8 0 . 2 H . 9 73.512.1
D i re c t  A dd i t ive  (b±SE) j.
A 4 .3 1 3 .1 6 .6+3.4
B -4 .7 1 2 .4 * -6 .712 .6*
C 0 .314 .2 0 .514 .7
H 0 . U 3 . 0 -0 .4+ 3 .3
D i r e c t  Hetero t ic(b±SE)
AB 16.1+2.6** 2 1 .U 2 .8 * *
AC 10.817.6 1 3 . U 8 . 3
AH 0 .116 .2 - 3 . U 6 . 8
BC 1 9 . U 3 .7 * * 25.8+4.1**
BH 20.412.5** 30.712.7**
CH 7.4 1 6 .8 12.3±7.5
Maternal Additive(b±SE)
' .... A-........  .............. - 2 . 8 1 2 . 8 -2 .1+3 .1
B -4 .7 1 2 .0 * -4 .712 .2*
C 4 .2 1 4 .2 3 .914 .6
H 3.3 1 2 .8 3 .013 .0
Maternal H e te ro t ic (b iS E )
AB - 7 .0 1 2 .9 * -9 .613 .2**
AC 15.3+8.4 13.319.2
AH 21.1+6.1** 18.416.7**
BC - 2 .9 1 3 .8 -9 .8 1 4 .1 *
BH 0 .8 1 2 .9 -3 .5 1 3 .2
CH 4 .6 1 7 .3 7 .018 .0
= Angus, B = Brahman, C = C h aro la i s  and H = Hereford .  
P<.10.
*P<.05.
**P<.01.
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(Peacock and Koger, 1980; T r a i l  e t  a l . ,  1982; Koch e t  a l . ,  1985; Olson 
e t  a l . ,  1985).  However, Gregory e t  a l .  (1978b) r e p o r t e d  impor tan t  
(P<.05) d i r e c t  a d d i t i v e  breed e f f e c t s  f o r  Brown Swiss (6.6%) and Angus 
(-3.0%) and mate rnal a d d i t i v e  breed e f f e c t s  f o r  Red Poll  (2.7%) and 
Hereford ( -2 .0%).  N e v i l l e  e t  a l . (1984) observed  s i g n i f i c a n t  d i r e c t  
breed a d d i t i v e  e f f e c t s  f o r  Santa G e r t ru d i s  (-7.0%) when d e v ia t ed  from 
the  Hereford breed mean.
No s i g n i f i c a n t  d i r e c t  c a l f  h e t e r o s i s  e f f e c t s  were observed  f o r  CS 
(Table 18).  These r e s u l t s  agree  with those  from o t h e r  s t u d i e s  (Peacock 
and Koger, 1980; T r a i l  e t  a l . ,  1982; N e v i l l e  e t  a l . ,  1984; Koch e t  a l . ,
1985; Olson e t  a l . ,  1985).
S i g n i f i c a n t  mate rnal h e t e r o s i s  e f f e c t s  f o r  CS (Table 18) were 
noted f o r  AB (10.3%), BC (12.8%) and BH (15.8%) dams. The MhAC, MhAH 
and MhCH e f f e c t s  were not im por tan t  (P>.05) in  t h i s  s tu d y .  Peacock and 
Koger (1980) found a s i g n i f i c a n t  mate rnal h e t e r o s i s  e s t i m a te  o f  4.2% 
f o r  AB, but n o n s i g n i f i c a n t  in f l u e n c e s  f o r  AC and BC.
There were no d i f f e r e n c e s  ( P>.05) in  c a l f  breed d i r e c t  a d d i t i v e  
e f f e c t s  f o r  CS between th e  A,B,C and H. In d iv id u a l  h e t e r o s i s  d id  not 
have a s i g n i f i c a n t  i n f l u e n c e  on CS as r e f l e c t e d  through th e  small 
(P>.05) d i r e c t  h e t e r o s i s  e s t i m a t e s  f o r  a l l  c a l f  breed com bina t ions .
However, the  g e n e t i c  composi t ion o f  the  dam was im por tan t  as c ro s sb red  
B dams had a p o s i t i v e  i n f l u e n c e  on s u rv iv a l  o f  t h e i r  c a l v e s .
Weaning R a t e . D i r e c t  and mate rnal a d d i t i v e  breed e f f e c t s  f o r  WR 
a re  shown in  Table  17. The mean WR f o r  t h i s  s tudy  was 73.5%. D i r e c t  
and mate rnal a d d i t i v e  e f f e c t s  f o r  B dams and mate rnal granddams (IgB 
and MgB) had l a r g e  ( P<.05) and n e g a t iv e  ( - 6 . 7  and -4.7%, r e s p e c t i v e l y )  
i n f l u e n c e s  on WR. These r e s u l t s  a re  in c o n t r a s t  to  those  p re sen te d  by
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TABLE 18. BREED DIRECT AND MATERNAL ADDITIVE AND HETEROSIS EFFECTS 
FOR CALF SURVIVAL, CALF BIRTH DATE AND PERCENT ASSISTED BIRTHS
Breed or
Breed Combination
C a TF.... " ”
s u r v i v a l (%)
Calf  b i r t h  
d a te (d ay s )
P e rcen t  a s s i s t e d  
b i r t h s {%)
u 9 2 .7±1 .4 5 0 . 2 H . 1 3 . 9 H . 1
D i re c t  A dd i t ive  (b±SE)
A 1 . 1±2.9 -2 .2+2 .1 - 2 . 6 1 2 . 1
B -0 .8 + 3 .2 7.1+2.3** 2 .5 1 2 .4 ,
C 0 .8± 2 .9 -3 .912 .1+ 4 . 0 i 2 . r
H -1 .0 + 2 .7 -1 .0+ 2 .0 -3 .9 1 2 .0
D i r e c t  Hetero t ic(b±SE)
AB -2 .5 ± 5 .2 13.113.8** 2 .313 .8
AC -3 .6 ± 5 .6 5 .414 .1 -1 .7 1 4 .1
AH - 2 .1 ± 4 .8 3 .313 .4 -1 .2 1 3 .5
BC -8 .4 ± 5 .2 13.213.8** 0 .213 .8
BH -5 .3 + 5 .4 15.5+3.9** 2 .913 .9
CH -0 .5 ± 5 .6 5 .814 .0 2 .814 .1
Maternal Additive(b±SE)
A 3.4±2 .9 -4 .412 .1* 2.6+2.1
B -4 .8 ± 3 .2 5 .812 .3* -4 .9 1 2 .3 *
C 0 ,7±2.9 0 .512 .1 -1 .4 1 2 .1 ,
H 0 .8 ± 2 .8 -1 .9 + 2 .0 3 .712 .0
Maternal Hetero t ic(b±SE)
AB 10.3+4.7* -17 .513 .4** -4 .0 1 3 .4
AC 3.1±5 .7 -5 .6+4 .1 0 .514 .2
AH - 3 .7 ± 4 .9 - 0 . U 3 . 5 1 .013.6
BC 12.814.6** -13.813 .3** -4 .9 1 3 .3
BH 15.8+4.8** -20.413 .4** -4 .2 1 3 .5
CH 8 .6 1 5 .3 -9 .8+3 .8** -4 .9 1 3 .9
®A = Angus, B = Brahman, C = C h aro la i s  and H = Hereford .  
P<.10.
*P<.05.
**P<.01.
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Peacock and Koger (1980) where breed a d d i t i v e  e f f e c t s  f o r  B dams were 
small and n o n s i g n i f i c a n t .  The IgA dam e f f e c t  had a p o s i t i v e  in f lu en c e  
(P<.10) on WR (6.6%). This ag rees  with the  a d d i t i v e  e f f e c t  f o r  Angus 
dams re p o r te d  by Olson e t  a l .  (1985) ,  where the  e s t i m a te  f o r  Angus 
(15.8%) was d e v ia t ed  from the  Brown Swiss mean.
Table  17 p r e s e n t s  the  d i r e c t  and mate rnal h e t e r o s i s  e f f e c t s  f o r  
WR. The IhAB, IhBC and IhBH dam e f f e c t s  were l a r g e  (P<.01) and 
p o s i t i v e  f o r  WR being 2 1 .1 ,  25 .8  and 30.7%, r e s p e c t i v e l y .  These 
e f f e c t s  were l a r g e r  than those  o f  Peacock and Koger (1980) ,  where AB 
and BC dams had e s t i m a te s  o f  12.2 and 6.9%, r e s p e c t i v e l y .  The MhAB and 
MhBC e f f e c t s  were l a r g e  and n e g a t iv e  (P<.01 and P<.05, r e s p e c t i v e l y ) ,  
whereas the  e s t i m a te  f o r  AH mate rnal granddams was l a r g e  ( P<.01) and 
p o s i t i v e  ( - 9 .6  and - 9 .8  v s .  18.4%, r e s p e c t i v e l y ) .
The in f l u e n c e  o f  the  B c ro s sb re d  dam had a f a v o ra b le  e f f e c t  on WR. 
However, B c ro s sb re d  mate rnal granddams had an i n v e r s e  e f f e c t  on WR of  
t h e i r  d a u g h te r s .  In c o n t r a s t ,  the  AH c ro s sb re d  mate rnal granddams had 
a f a v o ra b le  in f l u e n c e  on WR o f  t h e i r  d a u g h te r s .
C a l f  B i r th  D a te . The o v e r a l l  mean c a l f  b i r t h  d a te  was 50.2 days .
Table  18 p r e s e n t s  th e  d i r e c t  and mate rnal a d d i t i v e  e f f e c t s  f o r  CBD.
For d i r e c t  breed e f f e c t s ,  IgB caused (P<.01) a l a t e r  c a lv in g  d a te  (7 .1  
d ) ,  w h i le  th e  d i r e c t  a d d i t i v e  e f f e c t  ( P<.10) o f  C c a lv e s  tended to  
cause  an e a r l i e r  c a lv in g  d a te  ( - 3 . 9 ) .  Although not s i g n i f i c a n t ,  the  
IgA e f f e c t  reduced c a lv in g  da te  by -2 .2  days .  Koch e t  a l .  (1985) 
r e p o r t e d  a -2 .7  day (P<.01) b i r t h  da te  f o r  IgA when d e v ia ted  from 
H ere fo rd ,  and Gregory e t  a l .  (1978b) r e p o r te d  a - 3 . 8  day s h o r t e r  
g e s t a t i o n  leng th  due to  th e  d i r e c t  breed e f f e c t  o f  Angus. The MgB dam
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e f f e c t  was l a r g e  (P<.05) and delayed c a lv in g  da te  by 5 .8  days ,  whereas
the  MgA e f f e c t  decreased  CBD by 4 .4  days .
Es t im a tes  f o r  h e t e r o t i c  g e n e t i c  e f f e c t s  a re  p re sen te d  in Table 18.
The IhAB, IhBC and IhBH c a l f  e f f e c t s  were l a r g e  (P<.01) and de layed
c a lv in g  d a te  by 1 3 .1 ,  13.2 and 15.5 days ,  r e s p e c t i v e l y .  On the  o th e r  
hand, the  MhAB ( - 1 7 .5  d a y s ) ,  MhBC ( - 1 3 .8  days) and MhBH ( - 2 0 .4  days) 
dam e f f e c t s  were n e g a t iv e  ( P<.01) and caused a dec rea se  in CBD. The 
maternal  h e t e r o t i c  e f f e c t  f o r  CH c ro s sb re d  dams was a l s o  s i g n i f i c a n t  
and decreased  CBD ( - 9 . 8  d a y s ) .
Both the  d i r e c t  and maternal  B breed a d d i t i v e  e f f e c t s  in c re a se d  
CBD. The C d i r e c t  breed e f f e c t  lowered CBD. The maternal  breed e f f e c t  
o f  A dams in f lu en c ed  e a r l i e r  c a l f  b i r t h  d a te s  as e x p ec ted ,  s in ce  A dams 
have s h o r t e r  g e s t a t i o n  l e n g th s  compared to  H, B and C (Reynolds e t  a l . ,
1980; G o t t i  e t  a l . ,  1985).  Brahman c ro s sb re d  c a lv e s  had much l a t e r  
( P<.01) CBD's compared to  th e  o t h e r  breed com bina t ions .  This ag rees  
w i th  r e s u l t s  f o r  CBD r e p o r t e d  in  Chapter I I .  In c o n t r a s t ,  f o r  maternal  
h e t e r o s i s ,  B c ro s sb re d  dams e x e r t e d  a p o s i t i v e  i n f l u e n c e  on CBD, with 
ca lv e s  being born e a r l i e r  than f o r  o t h e r  breed com bina t ions .
P e rcen t  A ss i s t e d  B i r t h s . D i r e c t  and mate rnal breed  e f f e c t s  a re  
p re sen te d  in Table 18. The o v e r a l l  mean f o r  p e r c e n t  a s s i s t e d  b i r t h s  
was 3.9%. D i r e c t  breed a d d i t i v e  e f f e c t s  f o r  C and H c a lv e s  approached 
s i g n i f i c a n c e  ( P<.10) f o r  PA, with IgC (4.0%) i n c r e a s i n g  PA and IgH 
(-3.9%) d e c rea s in g  PA. For mate rnal breed  a d d i t i v e  e f f e c t s ,  t h e  MgB 
(-4.9%) decreased  (P<.05) PA, whereas th e  MgH (3.7%) in c re a s e d  ( P<.10)
PA.
Table  18 p r e s e n t s  th e  d i r e c t  and maternal  h e t e r o t i c  e f f e c t s  f o r  
PA. There were no s i g n i f i c a n t  d i r e c t  o r  maternal  h e t e r o s i s  e s t i m a te s
f o r  any o f  th e  breed com bina t ions .  S im i la r  r e s u l t s  were r e p o r t e d  by 
o th e r  r e s e a r c h e r s  (Gregory e t  a l . ,  1978b; Koch e t  a l . ,  1985; Comerford 
e t  a l . ,  1987).
For d i r e c t  breed a d d i t i v e  e f f e c t s ,  th e  in f l u e n c e  o f  C caused an 
in c r e a s e  in  PA, whi le  th e  H c a l f  breed a d d i t i v e  e f f e c t  led  to  a 
dec rea se  in ca lv in g  problems. However, f o r  mate rnal breed a d d i t i v e  
e f f e c t s ,  i t  appears  t h a t  th e  B dams needed l i t t l e  a s s i s t a n c e  a t  
c a l v i n g ,  whereas the  H dams re q u i r e d  g r e a t e r  a s s i s t a n c e .  The 
n o n s i g n i f i c a n t  h e t e r o t i c  e f f e c t s  might be expec ted  c o n s id e r in g  the  
r e s u l t s  p re sen te d  in Chapter  I I ,  where only  a small degree o f  c a lv in g  
d i f f i c u l t y  was exp e r ien ced  among the  v a r io u s  c ro s sb re d  combina t ions .
General D iscuss ion  D i r e c t  and mate rnal a d d i t i v e  and h e t e r o t i c  
g e n e t i c  e f f e c t s  have been found to  s i g n i f i c a n t l y  a f f e c t  va r io u s  
r e p r o d u c t iv e  t r a i t s  ( N e v i l l e  e t  a l . ,  1984: Olson e t  a l . ,  1985).  The 
e f f e c t s  o f  h e t e r o s i s  on i n d iv id u a l  and mate rnal t r a i t s  a re  o f  g r e a t  
economic importance (D icke rson ,  1973; Long, 1980).  Maternal h e t e r o s i s ,  
p a r t i c u l a r l y ,  has e x h i b i t e d  a l a r g e  i n f l u e n c e  on r e p r o d u c t iv e  t r a i t s  
(Turner  e t  a l . ,  1968; C und i f f  e t  a l . ,  1974; Spe lb r ing  e t  a l . ,  1977; 
Peacock and Koger, 1980).  T h e re fo re ,  knowledge o f  the  degree o f  
h e t e r o s i s  exp ressed  in  v a r io u s  breed combinations  could  a id  in the  
des ign  o f  e f f e c t i v e  c ro s sb r e e d in g  schemes.
The e s t i m a te s  f o r  IgB and MgB e f f e c t s  f o r  CR, WR and CBD were a l l  
s i g n i f i c a n t .  The breed a d d i t i v e  e f f e c t  f o r  B dams and B granddams 
c o n t r i b u t e  to  a d e c rea se  in  CR and WR. Other s t u d i e s  have re p o r t e d  
lower CR and WR f o r  s t r a i g h t b r e d  B (C ro c k e t t  e t  a l . ,  1978; Franke,
1980; Long, 1980; Comerford e t  a l . ,  1987).  For CBD, both the  B d i r e c t  
a d d i t i v e  e f f e c t  o f  the  c a l f  and th e  maternal  e f f e c t  o f  th e  B dam
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i n f lu en c ed  c a lv e s  to  be born l a t e r  in the  c a lv in g  season .  Observa t ions  
from Chapter I I  show t h a t  both purebred B and B -s i r e d  c ro s sb re d  ca lves  
were born l a t e r  than o t h e r  s t r a i g h t b r e d s  and breed c r o s s e s .  This can 
be a t t r i b u t e d  in p a r t  to  t h e  longe r  g e s t a t i o n  l e n g th s  a s s o c i a t e d  with B 
c a t t l e  compared to  European breeds  (Reynolds e t  a l . ,  1965; Franke,
1980; Reynolds e t  a l . ,  1980; Will iamson and Humes, 1985),  and to  the  
o b s e r v a t io n  t h a t  B s i r e s  may be l e s s  s e x u a l ly  a c t i v e  e a r l y  in the  
b reed ing  season as opposed to  B r i t i s h  s i r e s  (Chapman and England, 1965; 
Reynolds e t  a l . ,  1980).  Also ,  P la s se  e t  a l .  (1968) in d i c a t e d  t h a t  B 
females  may go i n t o  a p e r io d  o f  a n e s t r u s  du r in g  t h e  w in te r  months,  thus  
de lay ing  the  o n s e t  o f  sexual a c t i v i t y .  The IgC e f f e c t  f o r  CBD was 
s i g n i f i c a n t l y  n e g a t i v e ,  i n d i c a t i n g  t h a t  C c a lv e s  were born e a r l i e r  than 
B, A and H c a lv e s  in t h i s  s tu d y .  Other r e p o r t s  i n d i c a t e  t h a t  C and 
C -s i r e d  c a lv e s  have longe r  g e s t a t i o n  l e n g th s  compared to  B r i t i s h  breeds  
and a re  born l a t e r  in the  c a lv in g  season (Gregory e t  a l . ,  1978a; Long, 
1980).  The MgA e f f e c t  i n d i c a t e d  t h a t  c a lv e s  from A dams were born 
e a r l i e r  in th e  y e a r .  This ag rees  with  r e s u l t s  f o r  A dams from Chapter 
I I  and the  s h o r t e r  g e s t a t i o n  l e n g th s  r e p o r t e d  f o r  A and A -s i re d  ca lves  
(Reynolds e t  a l . ,  1965; Sagebie l  e t  a l . ,  1967; Smith e t  a l . ,  1976;
Long, 1980).  For PA, the  IgC e f f e c t s  led  to  in c re a s e d  a s s i s t a n c e  
r e q u i r e d  a t  c a l v i n g ,  whi le  the  IgH e f f e c t  d ec reased  PA. However, the  
MgH e f f e c t  in c re a se d  PA i n d i c a t i n g  t h a t  H -s i red  c a lv e s  had l e s s  
d i f f i c u l t y  a t  b i r t h  compared to  c a lv e s  from H dams. The MgB e f f e c t  
d ec reased  PA, s u g g es t in g  t h a t  B dams had l e s s  c a lv in g  problems than 
o t h e r  dam b re e d s .  Evidence has been p re s e n te d  t h a t  B females g ive  
b i r t h  to  c a lv e s  with  l i g h t e r  b i r t h  weigh ts  than o t h e r  breeds  o f  s i m i l a r
s i z e  when mated to  s i m i l a r  s i r e  breeds  (Vaamonde and Franke,  1984; 
Roberson e t  a l . ,  1986; Comerford e t  a l . ,  1987; Tawah, 1987).
The n o n s i g n i f i c a n t  d i r e c t  and mate rnal a d d i t i v e  g e n e t i c  e f f e c t s  
f o r  c a l f  s u rv iv a l  were no t  unexpec ted .  The magnitude o f  d i f f e r e n c e  
between the  va r io u s  b reeds  and breed combinations  was small and 
s u r v iv a l  r a t e s  were g e n e r a l l y  high (Chapter  I I ) .
H e te r o t i c  g e n e t i c  e f f e c t s  were im por tan t  f o r  a l l  t r a i t s  with  the  
e x cep t io n  o f  PA. There was very  l i t t l e  d i f f e r e n c e  between the  ca lv in g  
d i f f i c u l t y  exper ienced  by the  purebreds  and the  c ro s sb re d  combina tions  
(Chapter  I I ) .  The r e s u l t s  from t h i s  s tudy  i n d i c a t e  t h a t  B c ro ssb red  
dams had s u p e r i o r  r e p r o d u c t iv e  performance compared to  o t h e r  c ro s s e s .  
This was because o f  th e  l a r g e  (P<.01) and p o s i t i v e  IhAB, IhBC and IhBH 
e f f e c t s  f o r  CR and WR and th e  in c re a s e d  CS and e a r l i e r  CBD a t t r i b u t e d  
to  th e  MhAB, MhBC and MhBH e f f e c t s .  Im por tan t  maternal  granddam 
h e t e r o t i c  e f f e c t s  were observed  f o r  both CR and WR. The MhAB e f f e c t s  
lowered CR, whereas the  MhAH e f f e c t s  in c re a se d  CR. The MhAB and MhBC 
e f f e c t s  lowered WR and th e  MhAH e f f e c t s  in c re a s e d  WR. I t  appears  t h a t  
the  AB granddam combination had a n e g a t iv e  in f l u e n c e  on t h e i r  
d a u g h t e r ' s  r e p r o d u c t iv e  performance,  whereas the  AH granddam 
combination p o s i t i v e l y  in f lu e n c e d  the  re p ro d u c t iv e  performance o f  t h e i r  
d a u g h te r s .
F i n a l l y ,  f o r  CBD, th e  IhAB, IhBC and IhBH e f f e c t s  caused l a t e r  
c a lv in g  d a t e s .  This s u g g es t s  t h a t  B - s i r e d  c ro s sb re d  c a lv e s  a re  born 
l a t e r  in  the  y e a r  and ag rees  with r e s u l t s  r e p o r t e d  in Chapter  I I .
Other s t u d i e s  have found t h a t  B - s i r e d  c a lv e s  a re  born l a t e r  than 
B r i t i s h - s i r e d  c a lv e s  and have longe r  g e s t a t i o n  l e n g th s  (Reynolds e t  
a l . ,  1975; Franke,  1980; Long, 1980; Reynolds e t  a l . ,  1980).
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The B breed a d d i t i v e  e f f e c t  dec reased  CR, CS and WR and in c reased  
CBD. The A d i r e c t  breed a d d i t i v e  e f f e c t  had the  g r e a t e s t  p o s i t i v e  
i n f lu en c e  on CR, CS and WR, while  the  d i r e c t  a d d i t i v e  e f f e c t s  f o r  C and 
H caused e a r l i e r  c a l f  b i r t h  d a te s  and lower PA, r e s p e c t i v e l y .  The B 
c ro s sb re d  dams had b e t t e r  performance f o r  th e  r e p r o d u c t iv e  t r a i t s  than 
o th e r  breed com bina t ions .  The BH dams had the  l a r g e s t  e s t i m a te  o f  
h e t e r o s i s  e f f e c t s  f o r  CR, CS and WR, th e  lowest  e s t i m a te  f o r  CBD and a 
low degree o f  PA. This su g g es t s  t h a t  the  s p e c i f i c  combining a b i l i t y  
between the  p a r t i c u l a r  B and H c a t t l e  used in t h i s  s tudy  may be g r e a t e r  
than f o r  the  o t h e r  breed combina t ions .  I t  may be t h a t  the  degree o f  
g e n e t i c  d i v e r s i t y  between the  b reeds  was g r e a t e r  in th e  BH c ro s s  than 
in the  BA or  BC. These d i f f e r e n c e s  could  a l s o  be r e f l e c t i v e  o f  a 
genotype by environment  i n t e r a c t i o n .  Barlow (1981) r e p o r te d  b i a se s  
among e s t i m a te s  o f  h e t e r o s i s  e f f e c t s  due to  genotype by environment 
i n t e r a c t i o n s .  This s tudy  s u g g es t s  t h a t  c ro s sb re d  dams c o n ta in in g  B in 
t h e i r  g e n e t i c  composi t ion  perform b e t t e r  under the  Gulf Coast  
c o n d i t io n s  than o t h e r  breed  com bina t ions .  This may be p a r t l y  exp la ined  
by the  degree o f  g e n e t i c  d i v e r s i t y  among th e  breed c ro s se s  (D ickerson ,  
1969, Dickerson ,  1973; F a lc o n e r ,  1982),  and by th e  a d a p t a b i l i t y  o f  the  
B to  the  s u b t r o p ic a l  environment p r e s e n t  a long the  Gulf Coast .  
D i f f e re n c es  between breed c r o s s e s ,  such as d is cu s sed  in t h i s  pape r ,  a re  
o f  utmost importance in de te rm in ing  p a r t i c u l a r  c ro s s e s  f o r  e f f i c i e n t  
commercial bee f  c a t t l e  p ro d u c t io n .  Breed d i f f e r e n c e s  can a r i s e  through 
s e l e c t i o n  f o r  a d a p ta t i o n  and performance under d i f f e r e n t  environments  
and through the  accumula t ion  o f  random changes in gene f requency .
This s tudy  s u b s t a n t i a t e s  the  r o l e  o f  r o t a t i o n a l  c ro s sb re e d in g  in 
m a in ta in in g  h e t e r o s i s  and producing rep lacement  fem a les .  This  would be
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more p r a c t i c a l  f o r  the  commercial bee f  p roducer  than producing 
females  f o r  use  as dams, due to  the  expense  o f  m a in ta in ing  both  a 
s t r a i g h t b r e d  and cow herd .  Also ,  purchas ing  Fj rep lacements  could 
be d i f f i c u l t  because o f  the  l i m i t e d  supp ly ,  d i s e a s e  problems and 
expense .  The breeds  to  be used in r o t a t i o n a l  c ro s sb re e d in g  should be 
c a r e f u l l y  s e l e c t e d  to  f i t  th e  environment and management c r i t e r i a  and 
conform to  the  p r o d u c e r ' s  g o a l s .  This  s tudy  sugges ts  t h a t  a pe rcen tage  
o f  Brahman breed ing  in th e  c ro s sb red  dam i s  im por tan t  in m a in ta in ing  
high r e p ro d u c t iv e  r a t e s  in  beef  c a t t l e  produced in the  Gulf Coast 
reg io n .
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